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Abstract 
Part I • Chemoselective and Oxo-Controlled 5-Oxidation of Sulfides Containing 
Pyridine Rings and Olefinic Double Bonds 
Sulfoxides and sulfones are most conveniently prepared by oxidation of sulfides. 
Chemoselect ive and oxo-controlled oxidations of sulfides in the presence of other oxidizable 
functionali t ies are important to afford structurally varied sulfoxides and sulfones for 
boardening the scopes of their reactions. At the outset of the present investigation, there was 
not any known method to per form chemo- and oxo-selective oxidation on sulf ides containing 
both pyridine rings and olefinic double bonds. Since we were interested in the 
Ramberg-Backlund reaction of the pyridine-alkene-sulfone systems, we undertook an 
exploratory study on the desired chemo- and oxo-selective reaction. In conjunct ion to other 
works in our laboratory which unveiled a solvent-directed chemoselect ive and oxo-controlled 
5-oxidat ion of these tr i-functional compounds by Oxone, we have uncovered in the present 
investigation that 11-13 % (w/w) silica-supported sodium metaper iodate serves equally well 
“ 
in per forming the same transformations. Thus, by subjecting a compound embodying a 
pyridine ring, an olefinic double bond, and a sulfide linkage to si l ica-supported sodium 
metaper iodate in ethyl acetate, either the corresponding sulfoxide or su l fone can be obtained, 
the outcome being easily controlled by manipulat ion of the amount of the oxidant and/or the 
duration of the reaction. In all cases investigated, concomitant oxidat ion on ni trogen or the 
double bond is not observed. The ease in workup and the general ly good yields of 
&oxida t ion products are particularly noteworthy features with the use of sil ica-supported 
sodium metaper iodate . 
iii 
Part II . Directed Synthesis of a//-Homocalix[n]arenes with Various Cavity Sizes 
fl//-Homocalixarene is used as a generic term for those calixarene anologues which 
contain symmetr ical ly one additional methylene group in all their bridges. The enlarged 
cavities possessed by a/ / -homocalixarenes regulate their steric and electronic host - guest 
fitting propert ies and these compounds have emerged as a new class of host molecules in 
supramolecular chemistry. Described in this part of the thesis is a convenient route to 
a / / -homocal ixarenes with adjustable cavity size. Our synthetic approach to these systems 
requires only s imple methoxylated benzylic bisbromide and bismercaptan building blocks 
having two, three or four benzene rings connected by ethano bridges. Sulfur-based 
cyclocoupling of the appropriately pre-constructed building blocks yields the 
r ing-methoxylated dithiacyclophanes. By a sequence of reaction involving the oxidation of 
the di thiacyclophanes into the corresponding bissulfones, sulfur dioxide extrusion by a 
re-modif ied Ramberg-Backlund reaction to the ring-methoxylated [2„]metacyclophanedienes, 
hydrogenat ion, and finally demethylat ion, a / / -homocal ixarenes of various ring sizes can be 
synthesized. In this manner , a/ / -homocalix[4]arene, a / / -homocal ix[5]arene, and 
a / / -homocal ix[6] arene have been assembled. The versatility of our synthetic approach is 
further demonst ra ted by the synthesis of a a / / -homocal ix[5]arene having one brominated 








































Chemoselective and Oxo-Controlled 5-Oxidation of Sulfides 




The enormous value o f b o t h sulfoxides and sulfones has been clearly demonstrated in 
their uses as key building blocks in many of the most challenging and elaborate total 
syntheses accomplished in recent yea r s ] In spite of the availability of a plethora of oxidation 
procedures by which sulfides can be converted into sulfoxides and sulfones,^ there remains a 
demand for reliable methodologies which will allow these conversions in a chemoselective 
and oxo-control led manner for sulfides containing elsewhere in their molecules other 
oxidizable functionalit ies. A case in point was the issue of selective oxidat ion on sulfur in a 
molecule embodying the constituents of a sulfide, a pyridine, and an olefinic double bond 
functionalit ies. 
In connect ion with a long-standing interest in our laboratory on the synthetic utility of 
a ref ined version of a one-f lask Ramberg-Backlund reac t ion� which al lows the direct 
t ransformation of a - and a ' -hydrogen-conta in ing sulfones into the corresponding alkenes 
without recourse to the preparation of the a -ha logena ted sulfone precursors in a separate 
•I 
step, sulfones carrying both pyridine rings and olefinic doubles bonds were needed as starting 
materials for the synthesis of pyridine-substi tuted polyenes. The preparat ion of sulfides 
appendaged with pyridine rings and olefinic double bonds posed no part icular problem but 
the intended subsequent selective 5-oxidat ion on these tri-ftinctional compounds required 
special attention. Part I of the present thesis describes one way by which the intended 
5-oxidat ion can be accomplished not only chemoselect ively but also in an oxo-controlled 
manner . 
2 
A survey of the literature revealed that the selective oxidation at the sulftir atom in 
alkylthiopyridines and alkyl pyridylalkyl sulfides without touching upon the nitrogen atom 
did not appear to be a great task since precedents for such operation had been achieved by 
two methods: (1) treatment of these difunctional compounds with peracids, usually mCPBA 
led to the corresponding sulfones or su l fox ides / and (2) reaction of the same class of 
compounds with hydrogen peroxide in the presence catalytic amounts of sodium tungstate 
and acetic acid yielded the sulfones.^ With these reagents, it is only when sulfone formation 
is encumbered by conformational effects that 5'-oxidation on these pyridine-containing 
sulfides stops at the sulfoxide stage and A^-oxidation begins to set in in the presence of excess 
oxidant. However , the situation would become more complicated if an olefinic double bond 
is added to the above pyridine-sulf ide system. Since peracids and hydrogen peroxide are well 
known to epoxidize alkenes readily, the aforement ioned oxidizing agents would be inept for 
the intended chemoselect ive 5-oxidat ion on molecules embodying the three functionali t ies of 
a sulfide l inkage, a pyridine ring, and an olefinic double bond. 
For organo sulf ides containing only olefinic double bonds as the other oxidizable 
II 
functionalit ies, a solution for chemoselect ive 5-oxidat ion has long been provided by a temary 
mixture of 2KHSOs KHSO4 K2SO4, an oxidizing agent which is t rademarked Oxone. The 
use of Oxone in organosul fur chemistry was first introduced by Trost and Curran^ in 1981 
when they reported that this reagent in aqueous methanol selectively oxidized sulfides to 
sulfoxides or su l fones in the presence of other oxidizable groups including the carbonyl, 
hydroxyl and olef inic functionalit ies. In a subsequent study, the cation modif ied 
" tetra-w-butylammonium Oxone" was found to give similar results in anhydrous 
d ich loromethane7 It is, however , noteworthy that neither Oxone nor te t ra -^-buty lammonium 
3 
Oxone had been used for chemoselective 5-oxidat ion in sulfides adomed with both pyridine 
rings and olefinic double bonds. 
Taking heed f rom the findings o f T r o s t ' s group on the eff icacy of Oxone in selective 
iS-oxidation, Lou in our groups examined the behaviour of this oxidant toward tri-ftinctional 
molecules containing a sulfide linkage, a pyridine ring, and an olefinic double bond. What 
emerged f rom his investigation was a complex pa t tem of solvent dependence in these 
reactions, which ranged f rom no reaction in hydrocarbon solvents such as hexane and 
benzene to serious decomposit ion of starting materials or products in dichloromethane and 
aqueous m e t h a n o l Fortuitously, Lou was able to recognize the special ef fec ts of chloroform 
and of the biphasic solvent system of ethyl acetate and water acting on the oxidation of the 
aforement ioned tri-functional compounds by Oxone. When such oxidation is conducted in 
chloroform in which the sulfide substrates are soluble whereas Oxone has no solubility, the 
reaction proceeds in such a tractable rate that the disappearance of the starting material and 
the appearance of the corresponding sulfoxide can be easily moni tored by TLC. Under these 
conditions, fur ther oxidation of sulfoxide to sulfone is negligibly s low even in the presence of 
large excess of Oxone and both the pyridine nitrogen and the olefinic double bond remain 
intact so that chemoselect ive 5-oxidat ion and oxo-controlled oxidation can be achieved. On 
the other hand, when the oxidation was carried out in a two-phase ethyl acetate-water 
mixture, chemoselect ive 5'-oxidation occurs so rapidly that only the sul fone is obtained. 
These remarkable solvent-directed 5"-selective and oxo-controlled oxidat ions are summaried 
4 
i n t h e Scheme 1. 
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At about the same t ime of L o u ' s work described above, Shing and Zhong ‘ at our 
Depar tment discovered that si l ica-supported sodium metaperiodate was an effect ive and 
convenient reagent for the oxidative cleavage of diols in non-hydroxyl ic solvents. Since 
sodium metaper iodate has long been used as an oxidant for sulf ides in part icular for the 
preparat ion of sulfoxides/® we thus became interested in the suitability of si l ica-supported 
sodium metaper iodate as an alternative reagent for the chemoselect ive and oxo-controlled 
oxidation of the sulf ide-pyridine-olefin tri-fiinctional systems. As a result , a parallel 
investigation was under taken in tandem with L o u ' s work and descr ibed herein are the 
f indings theref rom. 
I.2. Results and Discussion 
Organic chemists have long been benef i t ted by the use of sol id-supported reagents or 4 
reactants in synthetic opera t ions ." It is generally unders tood that solid supports , whether they 
are inorganic salts or organic polymers , are capable of facilat ing organic react ions by four 
factors: (1) an increase in the ef fec t ive surface area for reaction, (2) the juxtaposi t ion of 
reagent and substrate at close proximity to one another, (3) the presence of pores which 
5 
entrap both reagent and substrate so as to lower the entropy of activation for reaction, and (4) 
in the cases of inorganic supports such as silica gel or alumina, the possibil i ty of catalytic 
effects of surface species such as H+，OH', AP+ etc. Added to these attributes is the fact that 
in many cases the supported reagents are insoluble in organic solvents and the reactant and 
the product into which it is t ransformed in the course of a reaction are tenaciously adsorbed 
on the surface of the inorganic support or remain intercalated in it so as to a l low removal of 
contaminants pr ior to the dis lodging of product by elution wi th the proper solvent. The 
attractiveness of such workup procedures in what amounts to crude chromatography by 
s imple fi l tration is a special feature in reactions employing sol id-supported reagents . 
As ide f r o m the advantages of its being a sol id-supported reagent , w e were particularly 
attracted to s i l ica-supported sodium metaper iodate on mechanis t ic considerat ions. The 
mechan i sm for the oxidat ion of a sulf ide l inkage by sodium metaper iodate , as depicted in 
Scheme 2, p roceeds in two stages in which the sulfur a tom first acts as a nucleophi le in 
(1) Oxidation of sulfide to sulfoxide : 
n 
^ X x � — ^ ^ f ? C — 豹 八 乂 、 + ,03-
\^iQ 0 衫 - “ 
°" 0 ( > ^ 广 八 
0 、 
(2) Oxidation of sulfoxide to sulfone : ^<s)/P 
_ _ _ ¢ ^ 4 ‘ 
/ " ^ 0 
0 ^ 卜 ) 一 ( > V x 、 一 0 ^ | A x � I O 3 -
0 y 0 - 0 0 = j = = ^ 0 Scheme 2 • ‘ 
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sulfoxide format ion and subsequently acts as an electrophile in sulfone formation. Thus, it 
was reckoned that it would be easy to control the level of oxidation simply by regulating the 
amount of the supported sodium metaperiodate used and / or the length of the reaction time. 
The uses of alumina- or silica gel-supported sodium metaperiodate for various 
oxidative t ransformations have been recorded in the literature.'^ However , their applications 
in the chemoselect ive <S-oxidation on sulfides containing other oxidazable functional groups 
were not known at the outset of the present investigation. Encouraged by the success of the 
work of Shing and Zhong ^ on the oxidative cleavage of glycols by silica-supported 
metaperiodate, w e t u m e d our attention to this reagent for our intended t ransformation. 
The sil ica-supported sodium metaperiodate used by us as the oxidant for the 
chemoselect ive and oxo-controlled oxidation of sulfides in the presence oxidizable pyridine 
rings and olefinic double bonds was prepared according to previously reported procedure. ' 
Thus, a solution of sodium metaperiodate ( 1 part by weight ) dissolved in a min imum 
amount of water was added slowly into chromatographic grade silica gel ( 230 - 400 mesh, 4 
parts by w e i g h t ) wi th shaking and after addition was complete the mixture was mechanical ly 
shaken for 30 min in the course of which it became free f lowing. The result ing mixture was 
rotavaporated for 1 to 2 h until a constant weight was reached. Dif ferent batches of 
si l ica-supported sodium metaperiodate prepared in this manner retained water to various 
extents and contained 11-13 % (w/w) of the periodate. This reagent sustains a long shelf-life 
t 
when stored in a tightly capped bottle and has been found to remain ef f icac ious up to six 
months. 
7 
A series of eight sulfides were subjected to oxidation by sil ica-supported sodium 
metaperiodate in our study. With the exceptions of bis(2-pyridylmethyl) sulf ide (1) and 
carboethoxymethyl 2-pyridylmethyl sulfide (2) which contain only two types of oxidazable 
sites, the remaining six members of the series all embody in each three oxidazable sites of the 
sulfur, the ni t rogen and the carbon-carbon 7i-bond. These eight sulfides were prepared by 
conventional methods in accordance with the structural types of the starting materials. A 
major i ty of these sulfides were prepared by Sw reactions of a chloromethylpyridine with the 
thiolate nucleophile generated in situ by deacylation of an alkenyl thiolacetate which in tum 
was prepared by the Mitsunobu reaction of the corresponding alcohol wi th thioacetic acid. 
The individual reactions employed for assembling the eight sulfides in our study are 
summarized in Chart 1. 
Since olefinic double bonds are known to be unreactive toward periodates, our main 
concem at first was whether the silica-supported sodium metaperiodate would be effect ive in 
per forming chemoselect ive 5-oxidation in the presence of pyridine rings. Thus, our initial 
effort was focussed on the reaction of bis(2-pyridylmethyl) sulf ide (1) with the supported 
“ 
oxidant in various solvents to search for optimal conditions. Of the wide range of solvents 
examined, ethyl acetate emerged as the one of choice because the oxidat ion with excess 
reagent in this solvent at room temperature proceeded in such a manageab le rate that the 
progress of the react ion could be easily moni tored by TLC. Fur thermore, the reaction was 
found to proceed in two stages at well separated intervals with the second product beginning 
to fo rmed m u c h later at a t ime after a considerable amount of the first product had 
accumulated. Indeed the reaction in ethyl acetate was so "well behaved" that it was possible 
to arrest the oxidat ion at the first stage either by using only one mola r equivalent of the 
8 
^ EtOH, N, r ^ [ ^ 
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silica-supported sodium metaperiodate at long reaction t ime ( �4 h) or by using excess 
oxidant at short reaction t ime (1-2 h). On the other hand, a combinat ion of large excess 
silica-supported sodium metaperiodate and long reaction t ime led to the formation of the 
second oxidation product. To our delight, the first oxidation product t u m e d out to be 
bis(2-pyridymethyl) sulfoxide (9) and the second oxidation product bis(2-pyridymethyl) 
sulfone (17). In either case, oxidation on the nitrogen atom on any of the pyridine rings was 
not noticeable. Therefore , we had in hand two reaction protocols in effect ing the 
chemoselect ive and oxo-controlled oxidation of a sulfide linkage in the presence of pyridine 
rings using solid supported periodate as the oxidant. 
These protocols were applied to the other members of the series of sulfides 2 - 7 on 
hand and generally good results were obtained: the outcome of each oxidat ion could be 
controlled with ease at either the sulfoxide or sulfone stage and fair to good yields of 
products were obtained. These results are summarized in Tables 1 and 2. As expected, the 
presence of an olefinic double bond in 3 - 7 did not cause any part icular problem. One 
noteworthy aspect of these oxidation reactions is the fact that owing its sparse solubility in 
ethyl acetate, the oxidation of last member , ie. compound 8，of the sulf ide series was carried, 
out in dichloromethane. For this particular sulfide, the format ion of sul foxide 16 took place 
uneventful ly . However , the format ion of sulfone 24 f rom 8 was accompanied by considerable 
extent of s ide-chain cleavage to a carboxylic acid byproduct , the structure of which was 
identified to be (£)-4-methyl-6- (3-pyridylmethylsulfonyl)-4-hexnoic acid (25) as shown 
4 
below. 




Table 1. Chemoselect ive <S-oxidation of sulfides to sulfoxides in the presence of pyridine 
rings and olefinic double bonds: 
(11-13% w/w) NaIO4-H2O-SiO2 Sulfides • Sulfoxides 
rt, EtOAc 
Entry Sulfide Sulfoxide Reaction Time (h)/ m o l a r ~ Yield 
equi. of net oxidant used (%) 
^ ^ 1 ^ n ^ n 
1 l A ^ s ^ ^ JJ ^ N ^ ^ ^ N ^ 4 h r s / 1 mol . equi. 86% 
1 9 
r ^ f ^ 9 
2 U ^ J L ^ s ^ c O 2 E t ^ J ^ s ^ c o ^ E t 12 h r s / 1 . 2 mol . equi. 69%  
2 ^  
3 C X ^ ^ s ^ j Q l C X ^ 3 ^ X ) 17 h r s / 1 . 2 moL equi. 79% 
3 “ 
4 O ^ s ^ ( c H A x ^ CLiv(cH2)fv^ 90 h r s / 1 . 5 mol . equi. 86% 
4 12 
5 C X ^ s ^ j 3 C X ^ g j 3 1 6 h r s / 3 . 1 m o l . equi. 65% 
5 13 . 
f ^ Y ^ s A ( c » u ~ ( ^ ^ t ^ w r ^ 
6 N<^ N^i 8 hrs/ 9.5 mol . equi. 72% 
6 14 
0 丄 
7 f T " V ^ s ^ ^ ^ ^ r Y ^ s - ^ ^ ^ ^ 5 hrs/ 2 mol . equi. 75% 
N ^ 7 N j � 
‘ 15 
, ^ J = % ^ 0 ^ ^ ^ . . ^ ^ ^ -'^''^-'^-''^*^s^>r^ 
8* \ J l ^ J 3 h r s / 1 . 5 mol . equi. 57% 
8 ^ 16 
* Owing to the sparse solubility of the sulfide 8 in ethyl acetate the oxidation was carried out in 
dichloromethane. 
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Table 2. Chemoselective 5-oxidation of sulfides to sulfones in the presence ofpyridine rings 
and olefinic double bonds: 
(11-13% w/w) NaIO4-H2O-SiO2 Sulfides • Sulfones 
rt, E t O A c 
Entry Sulfide Sulfone Reaction Time (h)/ molar Yield 
equi. of net oxidant used (%) 
r ^ f ^ r ^ u f ^ 1 ^ ^ A ^ s ^ , ^ ^ j l ^ N ^ ^ i ^ ^ N ^ 18 hrs/ 4.3 mol. equi. 65% 
1 n 
~ ~ p s n ~ ^ 
N^^^s^cOjEt S ^ ^ p c O j E t 56 hrs/ 5 mol. equi. 42% 
2 is  
3 C X = ^ s ^ X ^ C X ^ ! " j O 80 hrs/3.7 moL equi. 47% 
3 19 
4 C L s v ( c H 2 ) 8 ^ 0 ^ ' | ^ w . ^ 70 hrs/3.8mol. equi. 59% 
4 20 
5 0 u ^ s ^ j 3 C X ^ | j 3 60 hrs/ 3.6 mol. equi. 70% 
5 21 
_ ^ ^ _ ^ _ _ _ ^ _ ^ _ ^ _ _ ^ _ _ _ _ ^ ^ _ _ _ _ _ _ _ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ ^ _ _ ^ _ _ _ _ _ ^ ‘ 
( < = Y ^ s A ( c H 2 ) r ^ ( ^ Y " I ^ ( c H , ) r ^ 
6 N ^ Njl 0 72 hrs/ 5.7 mol. equi. 80% 
6 22 
0 ~ ~ T 
7 f ^ ^ Y ^ s ^ ^ ^ ^ O ^ r ^ " " " ^ 9 h r s / 4 . 7 m o l . equ i . 5 5 % 
N ^ 7 N J 0 
‘ M � 
8*# A ^ O ^ s ^ ^ A ^ O ^ | ^ 104 hrs/ 5.3 mol. equi. 28% • 
8 N 24 
* Owing to the sparse solubility of the sulfide 8 in ethyl acetate the oxidation was carried out in 
dichloromethane. #Considerable side chain oxidation occurred giving (£)4-methyl-6-
(3-pyridylmethylsulfonyl)-4-hexenoic acid (25) (see text) as a byproduct. 
12 
This was the only instance observed in which the double bond suffered concomitant 
oxidation in the course of 5'-oxidation, and the reason for this anomaly is not clear to us. 
For mono-oxidat ion to sulfoxides, one molar equivalent or slight excess of the 
supported periodate was added to a solution of the substrate in ethyl acetate (or 
dichloromethane as in the case of entry 8) and the resulting slurry was stirred at room 
temperature and the progress of the reaction was monitored by TLC. In the case where the 
reaction proceeded at an inordinately slow pace when equimolar quanti ty of the supported 
periodate was used (entry 4 was such an example), the oxidation could be speeded up by 
employing a large excess of reagent. In all cases, when the starting material was completely 
consumed as indicated by TLC, the reaction was terminated by fi l tering the solution from the 
remnant of the inorganic reagent and the crude product obtained upon rotavaporation of 
solvent was purif ied by flash chromatography. For di-oxidation to sulfones, the reactions 
were conducted with large excess of the adsorbed oxidant. Again, guilded by TLC, each 
reaction was terminated when all or essentially all the intermediary sulfoxide was consumed. 
The reaction mixture was then subjected to the standard workup procedure. Wi th these 
“ 





In summary，we have established the fol lowing protocols for the chemoselect ive and 
oxo-controlled 5'-oxidation of sulfides in the presence of pyridine rings and olefinic double 
bonds using sil ica-supported sodium metaperiodate as the oxidant, as shown in Scheme 3: 
1 mol equi. NaIO4 on SiO:，^^<<>^¾^  
long rxn time or moderate | -^"^^S*^^"^^^X^"""^^^ 
excess NaIO4 on SiO2, N || 
^^<^ controlled rxn time 0 
O ^ s ^ x ^ " 7 T " 
moderate excess NaIO4 '^<55^ ^ 
on SiO2, long rxn time ^ ^ ^ ^ X \ 
0 
Scheme 3 
The ease in workup and generally good yields in the formation of sulfoxides and sulfones are 
particular noteworthy features. Our methodologies have provided a mult i tude of structurally 
varied sulfoxides 11 - 1 6 and sulfones 19 - 24 which should path the w a y for the generation 





Mps were determined on a Reichert Microscope apparatus or Electrothermal recorder 
9100，and are uncorrected. IR spectra (KBr) were recorded on a Nicolet 205 FT-IR 
spectrophotometer or Nicolet Impact 420 FT-IR spectrophotometer. 'H and '^C N M R spectra 
were obtained on a Bruker D P X 300 instrument. Chemical shifts are expressed in ppm (5) 
downfie ld f rom tetramethylsi lane as intemal standard; all spectra were obtained in CDCl3 
(99.8% atom D) unless otherwise specified. Low resolution mass spectra (MS) were obtained 
on a H P 5989 spectrometer in the Probe EI mode at 70 eV or 20 eV, or in probe FAB using 
3-nitrobenzyl alcohol (NBA) matrix. High resolution FAB mass spectra ( H R F A B M S ) were 
measured using 3-nitrobenzyl alcohol CNBA) matrix on an A P E X 47e F T M S spectrometer. 
High resolution EI mass spectra (HREIMS) were acquired on Autospec-Ult ima MS 
spectrometer in the Probe EI+ Magnet . Elemental analyses were pe r fo rmed by M E D A C 
LTD, Uxbridge, U.K. and Shanghai Institute of Organic Chemistry, Chinese Academy of 
Sciences, Shanghai , China. 
“ 
All react ions were monitored by thin layer chromatography (TLC) per formed on 
Merck precoated silica gel 60 F254 plates, and compounds were visual ized under ultraviolet 
light (254 or 265 nm) or wi th spray of 5% w/v dodecamolybdophosphor ic acid in .95% 
ethanol and subsequent heating. Flash chromatography was carried out on co lumns o f M e r c k -
Keisel silica gel 60 (230-400 mesh) . K O H / Al2O3 used as the catalyst in Ramberg-Backlund 
reaction was prepared f rom commercial ly available K O H pellets and Merck aluminium 
oxide 90 active, neutral (activity I) (70-230 mesh ASTM) . 
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Preparation of sodium metaperiodate supported on silica gel 
To 30 m L of distilled water contained in a 250 m L round-bot tom flask was added 
sodium metaper iodate (lOg, 46.7 mmol) under vigorous stirring and heat was applied until a 
clear solution was attained, to which 40 g of silica gel (230-400 mesh) was added. The 
resulting mixture was shaken for 30 min in the course of which it became free f lowing. The 
content of the f lask was subjected to rotavaporation for 1 to 2 h at 8 0 - 9 0 � C before being 
dried under vacuum at room temperature until a constant weight was obtained. This material 
contained 11-13% w / w of sodium metaperiodiate supported on silica gel which sustained a 
long s h e l f l i f e of several months when kept in a tightly capped container. 
2-Pyr idylmethyl chloride, 3-pyridylmethyl chloride and 4-pyr idylmethyl chloride 
were prepared by the reaction of the corresponding commercia l ly available 
hydroxymethylpyr idines with POCl3 and were used immediately without fur ther purification. 
Bis(2-pyridylmethyl) sulfide (1). To a solution of commercia l N&S. nH2O (1.00 g, 12.0 
n 
m m o l in Na2S) in E t O H (50 mL) was added 2-pyridylmethyl chloride (3.00g, 24.0 mmol) at 
0°C and the resul t ing mixture was stirred for 18 h at room temperature under N2. Quenching 
with H2O (30 mL) , extraction with Et2O (3 x 100 mL) , washing with H2O (50 mL) and brine 
(50 mL) , drying over MgSO4, and rotavaporation of solvent a f forded the crude product as a 
yel low oil. F lash chromatography of this material over silica gel (80 g) us ing hexane-EtOAc ‘ 
(1 : 4, v/v) as eluent gave pure 1 « (2 .00 g, 77%) as a yel low oil: 'H N M R (300MHz) 6 3.83 
(s，4H), 7 .13-7.17 (m, 2H), 7.37 (d, J=7 .8 Hz, 2H), 7.60-7.65 (m，2H), 8.54 (d, 7=4.5 Hz, 
2H); " c N M R (75MHz) 6 37.36, 121.67，123.04，136.39，149.12，158.17; M S m/z (%) 217 
[ ( M + i y , 3 7 ] , 2 1 6 (M+，9)，183 ( 2 3 ) , 124 ( 7 0 ) , 9 3 (100)，78 (28)，65 ( 2 9 ) . 
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Carboethoxymethyl 2-pyridylmethyl sulfide (2). To a mixture of K2CO3 (2.76 g, 20.0 
mmol) in acetone (90 mL) was added ethyl 2-mercaptoacetate (2.40 g, 20.0 mmol) at 0 � C 
under N2 fol lowed by 2-pyridylmethyl chloride (2.55 g, 20.0 mmol) . The resulting mixture 
was stirred for 22 h at room temperature. Quenching with H2O (50 mL), extraction with Et2O 
(3 X 100 mL), washing with H2O (40 mL) and brine (40 mL), drying over MgSO4, and 
rotavaporation of solvent afforded the crude product as a yellow oil. Flash chromatography 
o f t h i s material over silica gel (90 g) using hexane-EtOAc (2 : 1，v/v) as eluent gave pure 2 ^ 
(3.80 g，90%) as a colourless oil: 'H N M R (300 MHz) 5 1.28 (t, J=6.9 Hz, 3H), 3.22 (s, 2H), 
3.97 (s, 2H), 4.17 (q, J=6 .9 Hz, 2H), 7.17-7.21 (m, lH) , 7.37 (d, 7=7.8 Hz, lH) , 7.64-7.70 
(m，lH), 8 . 5 7 (d，J=4.8 H z , l H ) ; '^C N M R (75 M H z ) 5 13.86，32.63，37.88，61.02, 121 .82 , 
122.99, 136.39, 149.28, 157.38, 169.89; H R F A B M S calcd for C,0H,4NO2S" (M + H)+ 
2 1 2 . 0 7 4 0 , f o u n d 2 1 2 . 0 7 4 0 . 
(£)-Cinnamyl 2-pyridylmethyl sulfide (3). To a solution of commercia l K O H pellets (4.00 
•I 
g，71.2 m m o l in K O H ) in M e O H (150 mL) was added (£)-cinnamylthiol acetate (3.60 g, 18.7 
mmol) at 0°C under N2. Af ter stirring for 5 min, 2-pyridylmethyl chloride (2.23 g，17.5 
mmol) was added and the resulting mixture was further stirred for 30 min at room 
temperature. Quenching with H2O (50 mL), extraction with Et2O (3 x 80 mL) , w a s h i n g w i t h 
H2O (30 m L ) and brine (30 mL), drying over MgSO4, and rotavaporat ion of solvent afforded < 
the crude product as a yel low oil. Flash chromatography of this material over silica gel (90 g) 
using hexane-EtOAc (5 : 1，v/v) as eluent gave pure 3 ^ (3,73 g, 91%) as a colourless viscous 
oil: iH N M R (300 M H z ) 5 3.31 (dd, J=1.2, 0.9 Hz, 2H), 3.84 (s, 2H), 6.17 (quin, J = 1 5 . 6 , 1 2 
Hz, lH) , 6.46 (d, J=15 .6 Hz, lH) , 7.14-7.37 (m, 7H), 7.61-7.66 (m, lH) , 8.54-8.55 (m, lH) ; 
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" C N M R (75 M H z ) 5 34.14’ 37.00，121.84，123.16, 125.44，126.29, 127.49，128.48, 132.63’ 
136.67, 149.23，158.64; H R F A B M S calc for C15H,6NS" (M + H)+ 242.0998，found 242.0995. 
3-PyridylmethyI 10-undecene-l-yl sulfide (4). To a solution of commerc ia l K O H pellets 
(1.55 g, 28 m m o l in K O H ) in M e O H (90 m L ) was added 10-undecen- l - th io l acetate (1.68 g, 
7.37 m m o l , prepared f r o m the alcohol and CH3COSH under Mi t sunobu condit ions.) at 0 � C 
under N2. A f t e r stirring for 5 min, 3-pyr idylmethyl chloride (0.78 g，6.14 m m o l ) was added 
and the resul t ing mix ture was stirred fur ther for 30 m i n at 0 � C . Quench ing wi th H2O (30 mL), 
extract ion wi th Et2O (3 x 80 mL) , wash ing wi th H2O (30 m L ) and br ine (50 m L ) , drying over 
MgSO4, and rotavaporation of solvent afforded the crude product as a yellow oil. Flash 
chromatography of this mater ial over silica gel (65 g) using h e x a n e - E t O A c ( 5 : 1，v/v) as 
eluent gave pure 4 ^ (1.62 g，95%) as a colourless viscous oil: ' H N M R (300 M H z ) 6 
1.23-1.41 (br m , 12H), 1.50-1.60 (m, 2H), 2 .00-2 .07 (m, 2H), 2 .40 (t, 7=7 .5 Hz , 2H), 3.69 (s, 
2H), 4 .91-5 .03 (m, 2H) , 5 .74-5.88 (m, lH) , 7 .25-7.30 (m, l H ) , 7 .69-7.71 (m, l H ) , 8.48-8.53 
(m, 2H); " c N M R (75 M H z ) 5 28.68，28.78，29.00，29.28，31.33，33.25，33.67，114.02, 
“ 
123.35, 134.36, 136.25，139.04，148.12, 149.72; H R F A B M S calcd fo r C,7H28NS" ( M + H)+ 
2 7 8 . 1 9 3 7 , f o u n d 2 7 8 . 1 9 3 1 . 
(£)-Cinnamyl 3-pyridylmethyl sulfide (5). T o a solut ion of commerc i a l K O H pellets (3.50 ‘ 
g，61.6 m m o l in K O H ) in M e O H (150 m L ) w a s added ( £ > c i n n a m y l t h i o l aceta te (2.23 g, 12 
mmol ) , at 0°C unde r N2. A f t e r stirring for 5 min , 2 -pyr idy lmethyl ch lor ide (1 .23 g，9.6 mmol ) 
was added and the resul t ing mix ture was st irred fur ther for 30 m i n at r o o m temperature . 
Quench ing wi th H2O (30 mL) , extract ion wi th Et2O (3 x 80 mL) , w a s h i n g wi th H2O (30 m L ) 
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and br ine (50 mL) , drying over MgSO4, and rotavaporat ion of solvent a f fo rded the crude 
product as a ye l low oil. Flash chromatography of this material over silica gel (60 g) using 
hexane-E tOAc (7 : 1，v/v) as eluent gave pure 5 (2.24 g，97%) as a pale ye l low solid: mp 
3 8 . 8 - 4 0 . 5 � C (lit.8 m p 3 9 . 0 - 4 0 . 0 � C ) ; 'H N M R (300 M H z ) 5 3.16 (d, J=12 Hz, 2H), 3.63 (s, 
2H), 6.11 (quin, /=15.6，7.2 Hz, lH) , 6.35 (d, 7=15.6 Hz, lH) , 7 .20-7.35 (m, 6H), 7.62-7.65 
(m，lH), 8 .44-8.48 (m, 2H); '^C N M R (75 M H z ) 5 31.68，33.38，123.17，125.01，126.01， 
127.41，128.32，132.52，133.77,136.16, 148.10, 149.87; M S m/z (%) 241 (M+，70)，117(100), 
115 ( 5 2 ) , 9 1 (23). 
4-Pyridylmethyl 10-undecen-l-yl sulfide (6). T o a solution of commerc ia l K O H pellets 
(1.54 g, 22 .0 m m o l in K O H ) in M e O H (45 m L ) was added 10-undecen- l - th io l acetate (2.52 
g，11.0 m m o l ) at 0 � C under N2. Af te r stirring for 5 min, 4 -pyr idy lmethyl chloride (1.28 g, 
10.0 m m o l ) was added and the result ing mixture was fur ther stirred for 30 m i n at 0 � C to room 
temperature . Quench ing wi th H2O (40 mL) , extract ion wi th Et2O (3 x 50 mL) , wash ing with 
H2O (20 m L ) and br ine (50 mL) , drying over MgSO4, and ro tavapora t ion o f s o l v e n t a f forded 
“ 
the crude produc t as a ye l low oil. Flash chromatography of this mater ia l over silica gel (100 
g) us ing h e x a n e - E t O A c (4 : 1，v/v) as eluent gave pure 6 ^ (2.78 g，100%) as colourless 
v iscous oil: ' H N M R (300 M H z ) 5 1.20-1.40 (br m，12H), 1.49-1.59 (m, 2H) , 2 .00-2.07 (m, 
2H)，2.40 (t, J= 7.3 Hz , 2H) , 3 .67 (s, 2H), 4 .91-5 .03 (m, 2H) , 5 .74-5 .88 (m, l H ) , 7.29 (d, 
/ = 6 . 0 Hz , 2H) , 8 .54-8.56 (m, 2H); '^C N M R (75 M H z ) 5 28.67，28.80，28.97，29.04’ 29.29， ‘ 
31.46，33.68，35.17，114.05，123.81，139.05, 147.85，149.71; H R F A B M S calcd C,7H28NS" (M 
+ H)+ 2 7 8 . 1 9 3 7 , f o u n d 278 .1923 . 
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4-Pyridylmethyl 2-methylbuten-2-yl sulfide (7). To a solution o f c o m m e r c i a l K O H pellets 
(2.2 g, 39.0 m m o l in K O H ) in M e O H (90 mL) was added 2-methylbuten-2- thiol acetate (1.33 
g，9.2 rnmol) at 0 � C under N2. Af te r stirring for 5 min, 4-pyr idylmethyl chloride (1.06 g, 8.3 
mmol ) was added and the result ing mixture was stirred ftirther for 30 min at 0 � C then raised 
to room temperature . Quenching with H2O (30 mL) , extraction wi th Et2O (3 x 50 mL), 
washing with H2O (20 m L ) and brine (30 mL), drying MgSO4, and rotavaporat ion o f s o l v e n t 
a f forded the crude product as a yel low oil. Flash chromatography of this mater ia l over silica 
gel 50 g) us ing hexane-E tOAc (7 : 1，v/v) as eluent gave the pure 7 (1.44 g, 90%) as a pale 
yel low viscous oil: ' H N M R (300 M H z ) 5 1.55 (s, 3H), 1.72 (s, 3H), 3.05 (d, 7=7.5 Hz, 2H), 
3.63 (s, 2H), 5.19 (t, / = 6 . 3 Hz, lH) , 7.26 (d, J=5.1 Hz, 2H), 8.54 (d, J=6 Hz , 2H); '^C N M R 
(75 MHz) 6 17.56’ 25.43，28.99, 34.24，119.66, 123.70, 135.85, 147.77,149.52; MS mlz (%) 
194 [(M + 1)+，65 ]，193 (M+，91)，160 (18)，126 (36), 125 (100),69 (86); H R F A B M S calcd 
for C , iH ,6NS"(M + H)+194.0998，found 194.0996. 
3-Pyridylmethyl 2,6-dimethyl - (^)-2,6-octadien-8-yl sulfide (8). T o a solut ion 
•• 
of commerc ia l K O H pellets (2.52 g, 45 m m o l in K O H ) in M e O H (50 m L ) was added 
2 ,6-dimethyl- (£)-2 ,6-octadien-8- thiol acetate (2.59 g, 12 mmol ) at 0 � C under N2. Af te r 
stirring for 5 min , 3-pyr idylmethyl chloride (1.30 g, 10 mmol ) was added and the resulting 
mixture w a s stirred fur ther for 30 min at room temperature . Quench ing wi th H2O (30 mL), 
extraction wi th Et2O (3 x 90 mL) , washing with H2O (30 m L ) and br ine (50 mL) , drying over ‘ 
M g S 0 4 , and ro tavapora t ion of solvent a f forded the crude product as a ye l low oil. Flash 
chromatography of this material over silica gel (60 g) using hexane -E tOAc (10 ； 1，v/v) as 
eluent gave pure 8 (2.18 g，83%) as a colourless viscous oil: ' H N M R (300 M H z ) 5 1.55 (s, 
3H), 1.61 (s, 3H) , 1.68 (s, 3H), 2.01-2.11 (br m, 4H) , 3.06 (d, J=7.5 Hz , 2H) , 3.65 (s, 2H), 
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5.07-5.11 (m, l H ) , 5.22 ( t, J = 7 . 8 Hz, lH) , 7.25 (dd, «7=7.8，lH) 7.69 (d, 7=7 .69 Hz, l H ) 
8.47-8.50 (m, 2H); '^C N M R (75 M H z ) 6 16.00，17.59，25.57，26.26, 28.84, 32.25，39.41， 
119.84，123.25，123.79，131.57，134.34，136.22，139.41，148.06，149.83; H R F A B M S calcd 
for Ci6H24NS^ ( M + H)+ 262.1624, found 262.1613. 
Bis(2-pyridylmethyl) sulfoxide (9). The 11-13% (w/w) free-flowing NaIO4-H2O-SiO2 
powder (0.88 g，�0.5 m m o l in NaIO4) was added to a solution o f s u l f i d e 1 (0.11 g, 0.5 nunol) 
in CHCl3 (20 m L ) at 0°C. Af t e r having been stirred at 0°C for 4 h，the mixture was 
ro tavaporated to r e m o v e mos t of the CHCl3 and E t O A c (20 m L ) w a s added. T h e resultant 
E t O A c slurry w a s poured onto a pad of silica gel in a sintered glass f i l ter ing funne l under 
suction. Fur ther e lut ion was carried out wi th E tOAc-ace tone (75 m L , 5 : 1，v/v) and the 
combined wash ings were rotavaporated to give a ye l low-brown f i lm (0.03 g) which was 
discarded. A second f rac t ion was obtained by elut ion with acetone to a f fo rd a pure 9 ^ (0.10 
g，86%) as a th ick oil wh ich was nearly colourless wi th a faint taint o f b r o w n : ' H N M R (300 
M H z ) 5 4 .11 (d, y=12 .9 Hz, 2H) , 4 .35 (d, J = 1 2 . 9 Hz, 2H), 7 .26-7.30 (m, 2H) , 7.42 (d, J= 7.8 
•• 
Hz, 2H), 7 .69-7 .75 (m, 2H) , 8.64 (d, > 4 . 8 Hz, 2H); " C N M R (75 M H z ) 5 58.61, 122.76, 
125.38，136.59, 149.60, 150.64; H R F A B M S calcd for C,2H,3 N2OS+ ( M + H)+ 233.0743, 
found 233 .0749 . 
t 
Carboethoxymethyl 2-pyridylmethyl sulfoxide (10). The 11-13% (w/w) f ree - f lowing 
NaIO4-H2O-SiO2 p o w d e r (0.90 g，�0.6 m m o l in NaIO4) was added to a solut ion of sulf ide 2 
(0.11 g, 0.5 m m o l ) in E t O A c (10 m L ) at 0°C. Af t e r hav ing been st irred at r o o m tempera ture 
for 12 h, the mix tu re w a s f i l tered through a pad of Cel i te in a s intered glass f i l ter ing ftinnel 
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under suct ion and the f i l ter-cake washed with CH2Cl2 (200 mL) . R e m o v a l of solvent under 
reduced pressure gave a b rown semi-solid which was f lash-chromatographed over silica gel 
(5 g) us ing hexane -E tOAc (3 : 2，v/v) as eluent to a f ford pure 10 ^ (78 mg , 69%) as a 
colourless oil: ' H N M R (300 M H z ) 6 1.31 (t, > 7 . 2 Hz, 3H), 3.62 (d, > 1 4 . 1 Hz, lH) , 3.93 
(d，J=14.1 Hz , l H ) , 4 .22-4.30 (d overlapping with q，7=12.9，7.2 Hz, 3H), 4 .43 (d, J=12 .9 Hz, 
IH)，7.27-7.32 (m, IH)，7.40 (d, 7=7.8 Hz, l H ) , 7 .71-7.76 (m, lH) , 8 .61-8.63 (m, lH) ; '^C 
N M R (75 M H z ) 6 13.88，54.59, 59.02, 61.89，123.06, 125.54, 136.82，149.69，149.94， 
165.21; H R F A B M S calcd for C10H14NO3S"(M + H)+ 228.0689, found 228 .0696 . 
(jE)-Cinnamyl 2-pyridylmethyl sulfoxide (11). The 11-13% (w/w) free-flowing 
NaIO4-H2O-SiO2 p o w d e r (1.05 g，-0.7 m m o l in NaIO4) was added to a solut ion of sulfide 3 
(0.15 g, 0.6 m m o l ) in E t O A c (15 m L ) at 0°C . A f t e r having been stirred at r oom temperature 
for 17h, the mix tu re was fi l tered through a pad of Celi te in a sintered glass f i l tering ftinnel 
under suct ion and washed first wi th E tOAc, and then with E t O A c - E t O H (10 : 1，v/v), the 
wash ings be ing moni to red by TLC. Remova l of solvent under r educed pressure gave a 
ye l low oil wh ich w a s f lash-chromatographed over silica gel (20 g) us ing E t O A c as eluent to 
“ 
a f fo rd pure 11 (0 .12 g, 79%) as a whi te solid : m p 63.9-66.2°C (li t . ' m p 63.5-65.5) ； 'H N M R 
(300 M H z ) 5 3 .58 (ddd, J=13 .2 , 7.8，0.9 Hz, lH) , 3.76 (dd, 7=12.9，7.5 Hz, l H ) , 4 .13 (d, 
•^=12.9 Hz , l H ) , 4 .28 (d, J = 1 2 . 9 Hz, l H ) , 6.33 (quin, J = 1 5 . 9 , 7.5 Hz , l H ) , 6 .73 (d, J = 1 5 . 9 
Hz, l H ) , 7 .27-7 .35 (m, 4H), 7 .39-7.43 (m, 3H), 7 .71-7.77 (m, l H ) , 8 .63-8.65 (m, l H ) ; ' ' C 
N M R (75 M H z ) 6 54.18, 57.51，116.17, 122.56, 125.02, 126.14, 127.76，128.14, 135.57， ‘ 
136.37，137.82，149.33, 150.47; H R F A B M S calcd for C,5H,6NOS" ( M + H)+258.0947 , found 
258.0951. 
22 
3-Pyridylmethyl 10-undecene-l-yl sulfoxide (12). The 11-13% (w/w) f ree- f lowing 
NaIO4-H2O-SiO2 powder (0.42 g , � 0 . 3 m m o l in NaIO4) was added to a solut ion of sulf ide 4 
(58 mg , 0.2 m m o l ) in E t O A c (10 m L ) at 0°C. Af t e r having been stirred at r o o m temperature 
for 90 h，the mix ture was fi l tered through a pad of Celite in a sintered glass f i l tering funnel 
under suct ion and the f i l ter-cake was washed with E tOAc (100 mL) . R e m o v a l of solvent 
under reduced pressure gave a whi te solid which was f l ash-chromatographed over silica gel 
(12 g) us ing ace tone-EtOAc (1 : 15, v/v) as eluent to a f ford pure 12 (52 m g , 86%) as a white 
solid: m p 6 1 . 7 - 6 3 . 2 � C (lit . ' m p 6 2 . 5 - 6 3 . 5 � C ) ; ' H N M R (300 M H z ) 5 1.24-1.46 (br m, 12H), 
1.70-1.81 (m, 2H) , 2 .00-2.07 (m, 2H), 2 .56-2.64 (m, 2H), 3.89 (d, 7=13 .2 Hz , l H ) , 3.99 (d, 
> 1 3 . 2 Hz , l H ) , 4 .91-5 .02 (m, 2H), 5.74-5.88 (m, l H ) , 7 .33-7.37 (m, l H ) , 7 .71 (d, «7=7.8 Hz, 
lH) , 8 .54-8.62 (m, 2H) , '^C N M R (75 M H z ) 6 22.32, 28.56, 28.63, 28.79，28.92, 29.01， 
29.08，33.53，51.12，54.44，113.96, 123.44, 126.04，137.48，138.88，149.34，150.49; M S m!z 
(%) 293 (M+，34)，276 (8)，184 (7)，93 (33), 92 (100)，65 (24). 
(£)-Cinnamyl 3-pyridylmethyl sulfoxide (13). The 11-13% (w/w) f ree- f lowing 
NaIO4-H2O-SiO2 p o w d e r (4.11 g，-2.5 m m o l in NaIO4) was added to a solut ion of sulf ide 5 
“ 
(0.20 g, 0 .8 m m o l ) in E t O A c (20 mL) . Af t e r having been stirred at r o o m tempera ture for 16 
h，the m ix tu re w a s f i l tered through a pad of Celi te in a s intered glass f i l ter ing funne l under 
suct ion and the f i l ter-cake was washed wi th E t O A c (150 mL) . R e m o v a l of solvent under 
reduced pressure gave a ye l low oil wh ich was f l a sh -chromatographed over si l ica gel (21 g) 
us ing E tOAc-ace tone (10 : 1，VAQ as eluent to a f fo rd pure 13 (0 .14 g，65%) as a whi te solid: ‘ 
m p 8 4 . 5 - 8 7 . 0 � C (lit.« m p 8 6 . 5 - 8 7 . 5 � C ) ； 'H N M R (300 M H z ) 6 3 .52 (dd, 7=13 .2 , 7.8 Hz, 
IH)，3.63 (dd, 7=12.9，7.5 Hz, lH) , 3.92 (d, J = 1 3 . 2 Hz, l H ) , 4 .05 (d, 7=13 .5 Hz , lH) , 
6 .23-6.33 (m, l H ) , 6 .70 (d, J = 1 5 . 9 Hz, l H ) , 7 .27-7.43 (m, 6H) , 7 .72 (d, J=7.5 Hz, lH) , 
8 .57-8.63 (m, 2H) ; '^C NMR" (75 M H z ) 5 53.14，54.35，115.80，123.40, 126.00，126.33, 
23 
128.20，128.44，135.49, 137.47，138.16，149.37，150.56; M S mlz (%) 258 [(M + 1)+，42]，257 
(M+, 29), 209 (21), 117 (100), 115 (54)，92 (33), 65 (25). 
4-PyridyImethyl 10-undecen-l-yl sulfoxide (14). The 11-13% (w/w) free-f lowing 
NaIO4-H2O-SiO2 powder (3.04 g，�1 .9 m m o l in NaIO4) was added to a solut ion of sulfide 6 
(64 mg, 0.2 m m o l ) in E tOAc (10 mL) at 0°C. Af t e r having been stirred at r oom temperature 
for 8 h, the mixture was filtered through a pad of Celite in a sintered glass fi l tering funnel 
under suct ion and the fi l ter-cake was washed with E tOAc (80 mL). R e m o v a l o f s o l v e n t under 
reduced pressure gave a whi te solid which was f lash-chromatographed over silica gel (10 g) 
using first hexane -E tOAc (1 : 5, v/v) and then E tOAc as eluents to a f fo rd pure 14 (48 mg, 
72%) as a whi te solid: m p 7 2 . 2 - 7 4 . 3 � C (lit. ' m p 7 3 . 0 - 7 3 . 5 � C ) ; ' H N M R (300 MHz) 5 
1.24-1.46 (br m , 12H), 1.72-1.79 (m，2H), 2.00-2.07 (m, 2H), 2 .58-2.65 (m, 2H), 3.87-3.98 
( two over lapping d, J=12 .9 , 12.9 Hz, 2H), 4.92-5.02 (m, 2H), 5 .74-5.88 (m, lH) , 7.28-7.30 
(m，2H), 8.65 (d, J = 4 . 5 Hz, 2H); " c N M R (75 M H z ) 6 22.24，28.46，28.56，28.73，28.85, 
28.94，29.01，33.47，51.37，56.50, 113.91，124.72，138.80，139.00，149.84; M S m/z (%) 293 
(M+，18)，276 (100)，201 (17)，141 (21)，92 (91)，65 (29). 
” 
4-Pyridylmethyl 2-methylbuten-2-yl sulfoxide (15). The 11-13% (w/w) f ree- f lowing 
NaIO4-H2O-SiO2 powder (1.90 g , � 1 . 2 m m o l in NaIO4) was added to a solut ion of sulfide 7 
(0.11 g, 0.6 m m o l ) in E tOAc (15 m L ) at 0°C. Af te r having been stirred at r o o m temperature 
for 5 h, the mix ture was fi l tered through a pad of Celite in a s intered glass f i l tering funnel ‘ 
under suct ion and the f i l ter-cake was washed wi th E t O A c (200 mL) . R e m o v a l of solvent 
under reduced pressure gave a pale ye l low oil which was f l a sh -chromatographed over silica 
gel (11 g) us ing first hexane-E tOAc (3 : 2, v/v) and then E t O A c as e luents to a f fo rd pure 15 
(91 mg , 75 % ) as a colourless oil: 'H N M R (300 M H z ) 5 1.73 (s, 3H) , 1.84 (s, 3H), 3.34-3.52 
24 
(m，2H), 3 . 8 2 (d , > 1 2 . 9 H z , l H ) , 3 . 9 6 (d , > 1 2 . 9 H z , l H ) , 5 . 2 6 (tt , / = 7 . 8 H z , 1.2 H z , l H ) , 
7.28 (d, J=5.1 Hz, 2H), 8.63 (d, J=A.5 Hz, 2H); ^^C N M R (75 M H z ) 5 18.61，25.95，29.59， 
50.87，55.33, 110.51，125.00，139.68, 142.53，149.90; M S m/z (%) 210 [(M + 1)+，97]， 
161(78)，141 (49), 93(100)，69 (98); H R F A B M S calcd for C " H i 6 N O S + ( M + H ) + 2 1 0 . 0 ^ 7 , 
f o u n d 2 1 0 . 0 9 1 9 . 
3-Pyridylmethyl 2,6-dimethyl-f^-2,6-octadien-8-yl sulfoxide (16). The 11-13% (w/w) 
f ree- f lowing NaIO4-H2O-SiO2 powder (0.41 g, - 0 . 3 m m o l in NaIO4) was added to a solution 
of sulf ide 8 (57 m g , 0.2 m m o l ) in CH2Cl2 (5 m L ) at 0 � C . Af t e r hav ing been stirred at room 
temperature for 3 h, the mixture was fi l tered through a pad of Cel i te in a sintered glass 
f i l tering funne l under suct ion and the fi l ter-cake was washed wi th CH2Cl2 (80 mL) . Removal 
of solvent under reduced pressure gave the crude product which was f lash-chromatographed 
over silica gel (15 g) us ing first hexane-EtOAc (1 : 10，v/v) and then E t O A c as eluents to 
a f fo rd pure 16 (34 m g , 57%) as a colourless oil: 'H N M R (300 M H z ) 6 1.62 (s, 3H), 1.69 (s, 
3H), 1.72 (s, 3H), 2 .15 (d, > 3 Hz, 4H) , 3.43 (ddd, 7=39.3 , 13.5，7.8 Hz , 2H) , 3.82 (d, J=13 .2 
Hz, l H ) , 4 .00 (d, J = 1 3 . 2 Hz , l H ) , 5.08 (br s, l H ) , 5.26 (t, J = 7 . 8 Hz , l H ) , 7 .33-7 .37 (m, lH) ," 
7.73 ( dt, y=8.1 , 1.8 Hz, l H ) , 8.54 (s, lH) , 8.61 (d, J = 3 . 9 Hz , l H ) ; ' ^ c N M R (75 M H z ) 5 
16.97，17.66，25.64, 26.12, 39.62，50.32，52.79，110.34，123.38，123.55, 126.46，132.09， 
137.77，145.71, 149.34，150.55; H R F A B M S calcd for Ci6H24NOS+ ( M + H)+ 278.1573, f9und 
278.2576. 
4 
Bis(2-pyridylmethyl) sulfone (17). The 11-13% (w/w) f r ee - f l owing NaIO4-H2O-SiO2 
powder (0 .56 g，�0.3 m m o l in NaIO4) was added to a solut ion o f s u l f i d e 1 (66 m g , 0.3 mmol ) 
in E t O A c (8 m L ) . A f t e r hav ing been stirred at r oom tempera ture for 3 h, a second port ion of 
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the 11-13% (w/w) f ree- f lowing NaIO4-H2O-SiO2 powder (1.56 g , � 1 . 0 m m o l in NaIO4) was 
added to the react ion mixture and stirring at r oom temperature was cont inued for a fur ther 15 
h. The mix ture w a s f i l tered through a pad of Celi te in a sintered glass f i l ter ing funnel under 
suction and the f i l ter-cake was washed wi th CH2Cl2-MeOH (1 : 1，v/v). R e m o v a l of solvent 
under reduced pressure gave a pale b rown oil wh ich was f l ash-chromatographed over silica 
gel (10 g) us ing E t O A c as eluent to a f fo rd pure 17 (49 mg , 65%) as a whi te solid: mp 
94.5-96.2 °C (lit.8 m p 94 .5 -95 .5�C) ; ' H M N R (300 M H z ) 6 4 .56 (s, 4H) , 7 .30-7.35 (m, 2H), 
7.56 (d, y=7.8 Hz , 2H), 7 .73-7.79 (m, 2H), 8.66-8.68 (m, 2H); >^C N M R (75 M H z ) 5 60.28， 
123.48，126.11，137.07，149.02，149.90; M S m!z ( % ) 2 4 9 [ ( M + 1)+，11]，184 (99)，169 (97)， 
106 (37)，93 (100), 65 (33). 
Carboethoxymethyl 2-pyridylmethyl sulfone (18). The 11-13% (w/w) free-flowing 
NaIO4-H2O-SiO2 powder (2.26 g，�1.4 mmol in NaIO4) was added to a solution of sulfide 2 
(0.14 g，0.7 m m o l ) in E t O A c (15 m L ) at 0 � C . A f t e r having been stirred fo r 15 min, the 
another portion o f l l - 1 3 % (w/w) free-flowing NaIO4-H2O-SiO2 powder (3.38 g , � 2 . 1 mmol 
in NaIO4) w a s added to the react ion mixture wi th the tempera ture ma in ta ined at 0 � C . The 
“ 
resul t ing mix tu re w a s heated to about 5 0 � C and stirred for 55 h, a f te r w h i c h the mix ture was 
cooled to r o o m tempera ture and fi l tered through a pad of Celi te in a s intered glass fi l tering 
f lmnel under suct ion, and the f i l ter-cake was washed wi th CH2Cl2 (150 mL) . R e m o v a l of 
solvent unde r r educed pressure gave a b rown semi-sol id which w a s f l ash-chromatographed 
over sil ica gel (8 g) us ing hexane -E tOAc (3 : 2，v/v) as eluent to a f fo rd pure 18 (70 mg , 42%) ‘ 
as a whi te solid: m p 9 4 . 8 - 9 6 . 0 � C (lit.» m p 9 5 . 5 - 9 6 . 5 � C ) ; ' H N M R (300 M H z ) 5 1.35 (t, 7=7.2 
Hz, 3H) , 4 .17 (s, 2H) , 4 .32 (q, 7 = 7 . 2 Hz, 2H), 4 .71 (s, 2H), 7 .31-7 .35 (m, l H ) , 7 .47 (d, 7.8 
Hz, l H ) , 7 .74-7 .79 (m, l H ) , 8.63 (d, 7=4.5 Hz , l H ) ; '^C N M R (75 M H z ) 5 13.86’ 56.06， 
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60.96，62.43，123.60，126.03，137.25, 148.99，149.88，163.03; M S m!z (%) 244 [(M + 1广 
84]，243 (M+，42)，198 (39)，156 (71)，107 (75)，92 (100), 65 (34). 
CE>Cmnamyl 2-pyridylmethyl sulfone (19). The 11-13% (w/w) f ree-f lowing 
NaIO4-H2O-SiO2 powder (1.93 g , � 1 . 2 m m o l in NaIO4) was added to a solut ion o f s u l f i d e 3 
(0.11 g, 0.5 m m o l ) in E tOAc (20 mL) at 0°C. Af te r having been stirred for 72 h at room 
temperature , a second port ion of the 11-13% (w/w) f ree-f lowing NaIO4-H2O-SiO2 powder 
(1.04 g，~0.63 m m o l in NaIO4) was added to the reaction mixture at r o o m temperature , and 
stirring was cont inued for a fur ther 8 h. The mixture was fi l tered through a pad of Celite in a 
sintered glass f i l tering funnel under suction and the fi l ter-cake was washed with EtOAc-
E t O H (10 : 1，v/v). Remova l of solvent under reduced pressure gave a c rude product which 
was f lash-chromatographed over silica gel (15 g) using hexane-E tOAc (5 : 1，v/v) then 
changed to E t O A c as eluent to a f ford pure 19 (58 mg, 47%) as a whi te solid: m p 141.8-144.0 
°C (lit.8 m p 1 4 2 . 5 - 1 4 3 . 5 � C ) ; 'H N M R (300 M H z ) 5 3.94 (d, J = 7 . 5 Hz, 2H), 4 .44 (s, 2H), 
6.27 (quin, «7=15.6，7.8 Hz, lH) , 6.85 (d, J=15 .9 Hz, lH) , 7.26-7.37 (m, 4H) , 7 .41-7.44 (m, 
2H)，7.50 (d, y=7.5 Hz, lH) , 7.73-7.78 (m, lH) , 8.63-8.65 (m, l H ) ; '^C N M R (75 M H z ) 5 
“ 
56.17，59.60，114.90，123.45, 125.97, 126.66，128.42，128.52，135.66, 137.09, 139.48， 
149.40，149.69; M S m!z (%) 274 [(M + 1)+，51], 273 (M+，49)，208 (36), 117 (100)，93 (62). 
3-PyridylmethyI 10-undecen-l-yl sulfone (20). The 11-13% (w/w) free-flowing 
NaIO4-H2O-SiO2 powder (2.45 g , � 1 . 5 m m o l in NaIO4) was added to a solut ion of sulf ide 4 
(0.10 g, 0.4 m m o l ) in E tOAc (10 m L ) at 0°C. Af t e r having been stirred at r oom temperature 
for 70 h, the mix ture was fil tered through a pad of Celi te in a s intered glass f i l ter ing ftinnel 
under suct ion and the f i l ter-cake was washed wi th E t O A c - E t O H (10 : 1, v/v). Remova l of 
solvent under r educed pressure gave a crude product which was f l a sh -chromatographed over 
27 
silica gel (11 g) us ing first hexane-EtOAc (2 : 1，v/v) and then to h e x a n e - E t O A c (1 ： 1，v/v) 
as eluents to a f fo rd pure 20 (68 mg, 59%) as a whi te solid: m p 7 9 . 0 - 8 1 . 4 � C (lit.^ mp 
79.5-81.0^C); iH N M R (300 M H z ) 5 1.25-1.44 (br m，12H), 1.78-1.89 (m, 2H) , 2 .00-2.07 (m, 
2H)，2.88 (t, y=8.1 Hz, 2H), 4 .23 (s, 2H), 4 .92-5.02 (m, 2H), 5 .74-5.88 (m, lH) , 7.37-7.42 
(m，lH), 7.86 (d, y=8.1 Hz, l H ) , 8.61-8.67 (m, 2H); '^C N M R (75 M H z ) 6 21.46, 28.08, 
28.54, 28.70，28.85, 28.98，33.44，51.49，55.99’ 113.92，123.54, 124.09, 137.97，138.77， 
149.85，150.82; M S miz ( % ) 3 1 0 [(M + 1)+，68], 245 (45), 133 (40), 93 (100) , 65 (15). 
(£)-Cinnamyl 3-pyridylmethyl sulfone (21). The 11-13% (w/w) free-flowing 
NaIO4-H2O-SiO2 p o w d e r (6.53 g, 4.0 mmol ) was added to a solut ion of su l f ide 5 (0.27 g, 
1.1 m m o l ) in E t O A c (20 m L ) at r o o m temperature . Af t e r having been stirred fo r 60 h at room 
temperature , the mix ture was f i l tered through a pad of Celite through a s intered glass filtering 
fUnnel under suct ion and the f i l ter-cake was washed wi th E t O A c - E t O H (10 : 1，v/v). 
R e m o v a l of solvent under reduced pressure gave the crude p roduc t which was 
f l a sh -chromatographed over silica gel (18 g) us ing hexane -E tOAc (1 : 1，v/v), hexane-EtOAc 
(1 : 2，v/v), and E t O A c as eluents to a f fo rd pure 21 (0.22 g，70%) as a whi te solid: m p 
” 
1 4 0 . 0 - 1 4 1 . 0 � C (lit.8 m p 1 4 0 . 5 - 1 4 1 . 0 � C ) ; 'U N M R (300 M H z ) 5 3.80 (d, J=7.5 Hz , 2H), 4.25 
(s，2H), 6 .26 (quin, 7=15.9 , 7.5 Hz, l H ) , 6.68 (d, > 1 5 . 9 Hz, l H ) , 7 .33-7 .44 (m, 6H), 7.85 
(dd’�7=7.8，1.8 Hz , l H ) , 8 .59-8.66 (m, 2H); '^C N M R (75 M H z ) 5 54.77，56.30’ 114.66， 
123.67，123.80, 126.61, 128.65，128.73’ 135.15，138.21，139.33，150.11，151.18; M S m / / ( % ) 
273 (M+，13)，209 (58), 117 (100)，115 (43), 91 (18), 65 (4). 
4 - P y r i d y l m e t h y l 1 0 - u n d e c e n - l - y l sulfone (22). The 11-13% (w/w) free-flowing 
NaIO4-H2O-SiO2 p o w d e r (1.23 g，�0 .3 m m o l in NaIO4) was added to a solu t ion of sulf ide 6 
(70 m g , 0.3 m m o l ) in E tOAc" (15 m L ) at 0°C. A f t e r hav ing been st i rred fo r 26 h at room 
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temperature, a second port ion of the 11-13% (w/w) f ree- f lowing NaIO4-H2O-SiO2 powder 
(1.03 g, - 0 . 7 m m o l in NaIO4) was added to the reaction mixture at r oom temperature, and 
stirring was cont inued for a fur ther 26 h at room temperature. Finally a third port ion of the 
1 1 - 13% (w/w) f ree- f lowing NaIO4-H2O-SiO2 powder (1.03 g, - 0 . 7 m m o l in NaIO4) was 
added to the reation mixture at room temperature and stirring was cont inued for another 20 h. 
The reaction mixture was fi l tered through a pad of silica gel (20 g) in a sintered glass filtering 
funnel and the f i l ter-cake was washed with E tOAc until no more sul fone w a s eluted out by 
monitor ing by T L C . Remova l of solvent under reduced pressure a f fo rded pure 22 (62 mg, 
80%) as a whi te solid: m p 6 8 . 8 - 7 0 . 5 � C (lit.8 m p 6 9 . 5 - 7 0 . 0 � C ) ; 'H N M R (300 MHz) 5 
1.25-1.45 (br m , 12H), 1.78-1.89 (m, 2H), 2.00-2.07 (m, 2H), 2.89 (t, 7=8.1 Hz, 2H), 4.22 (s， 
2H), 4 .92-5.03 (m, 2H), 5.74-5.88 (m, lH) , 7.41 (d, J = 5 . 4 Hz, 2H), 8.69 (d, J=5A Hz, 2H); 
'^C N M R (75 M H z ) 6 21.60, 28.16，28.66, 28.81，28.96，29.09，33.56, 51.88, 58.00，114.04, 
125.25，136.82，138.91，150.14; M S m!z ( % ) 3 1 0 [(M + 1)+，59], 245 (21)，133 (50), 93 (100), 
69 (13). 
4-Pyridylmethyl 2-methylbuten-2-yl sulfone (23). The 11-13% (w/w) f ree- f lowing 
“ 
NaIO4-H2O-SiO2 p o w d e r (4.62 g, -2.8 m m o l in NaIO4) was added to a solut ion of sulf ide 7 
(0.11 g，0.6 m m o l ) in E t O A c (15 mL) at 0 � C . Af te r having been stirred for 9 h at room 
temperature , the mixture w a s fi l tered through a pad of Celi te in a s intered glass filtering 
funnel under suct ion and the f i l ter-cake was washed with E t O A c (400 mL) . Remova l of 
solvent by rotavaporat ion gave the crude product which was f l ash-chromatographed over 
silica gel (12 g) us ing first hexane-EtOAc (1 : 5，v/v), and then E t O A c as eluents a f forded a 
yel low mater ia l wh ich recrystal ized f rom hexane-CH2Cl2(lO : 1’ v/v) to provide pure 23 (70 
mg, 55%) as a pa le ye l low solid: m p 7 5 . 5 - 7 6 . 9 � C ； ' H N M R (300 M H z ) 6 1.69 (s, 3H), 1.86 
(s, 3H), 3 .66 (d, J= 7.8 Hz, 2H), 4 .17 (s, 2H), 5.30 (tt, J= 7.8, 1.2 Hz , l H ) , 7.37 (d, J = 6 Hz, 
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2H), 8.67 (d, J = 4 . 8 Hz, 2H); ^^C N M R (75 M H z ) 5 18.57，26.06，52.72，56.79，109.68, 
125.58, 136.98，143.61，150.00; H R F A B M S calcd for CnHi6NO2S+ ( M + H)+ 226.0896， 
found 226.0899. 
3-Pyridylmethyl 2,6-dimethyl-(£)-2,6-octadien-8-yl sulfone (24). The 11-13% (w/w) 
f ree- f lowing NaIO4-H2O-SiO2 powder (2.47 g , � 1 . 5 m m o l in NaIO4) was added to a solution 
o f s u l f i d e 8 (0.11 g, 0 .4mmol ) in CH2Cl2 (10 m L ) at 0°C. Af te r having been stirred for 25 h at 
room tempera ture , a second port ion of the 11-13% (w/w) free-flowing NaIO4-H2O-SiO2 
powder (1.06 g，�0.6 m m o l in NaIO4) was added to the reaction mixture at r o o m temperature 
and stirring w a s cont inued for a fur ther 79 h. The mixture was f i l tered through a pad of 
Celite in a s intered glass f i l tering funnel under suction and the f i l ter-cake was washed with 
E t O A c (150 mL) . R e m o v a l of solvent by rotavaporat ion gave the crude produc t which was 
f l ash-chromatographed over silica gel (13 g) using hexane -E tOAc (3 : 2，v/v) as eluent to 
a f ford pure 24 (35 m g , 2 8 % ) as a colourless syrup: ' H N M R (300 M H z ) 5 1.62 (s, 3H), 1.69 
(s, 6H), 2 .16 (d, y=2 .7 Hz , 4H) , 3.67 (d, J=1.5 Hz, 2H), 4.19 (s, 2H) , 5.08 (br s, l H ) , 5.33 (t, 
> 8 . 1 Hz, l H ) , 7 .39-7 .43 (m, l H ) , 7.89 (d, J = 7 . 8 Hz, lH) , 8.59 (d, > 1 . 5 Hz , l H ) , 8.65 (d, 
•I 
J=3.9 Hz, l H ) ; i3c N M R (75 M H z ) 6 16.93，17.72，25.71, 26.02, 39.62, 52.35, 54.56， 
109.86, 123.29, 123.88, 124. 33, 132.33，138.70，146.70，149.64，150.75; H R F A B M S calcd 
for Ci6H24NO2S+(M + H)+ 294.1522，found 294.1530. 
(£)-4-methyl-6-(3-pyridylmethylsulfonyl)-4-hexenoic acid (25). T h e s a m e slurry f r o m the 
previous preparation of 3-Pyridylmethyl 2,6-dimethyl-(£)-2,6-octadien-8-yl sulfone 24 
was f i l tered th rough a pad of Celi te in a sintered glass f i l ter ing funne l unde r suct ion and the 
f i l ter-cake w a s w a s h e d wi th E t O A c (150 mL) . R e m o v a l of solvent by ro tavapora t ion gave the 
crude product which was flash-chromatographed over silica gel (13 g) using hexane-EtOAc 
30 
(3 : 2, v/v) as eluent to a f fo rd pure 24 (35 mg, 28%) as a colourless syrup, fur ther eluted by 
the same eluent as before a f fo rd pure 25 (6 mg, 5%) as a colourless syrup: ' H N M R (300 
M H z ) 5 1.71 (s, 3H), 2.46 (t, J=12 Hz, 2H), 2.66 (t, J=12 Hz, 2H), 3.65 (d, J = 7 . 5 Hz, 2H), 
4.19 (s, 2H), 5.33 (td, 7=7.8，1.2 Hz, lH) , 7.36-7.41 (m, lH) , 7.86 (d, 7.8 Hz, lH) , 8.60 (s, 
l H ) , 8.66 (d, 3.6 Hz, lH) , 9.81 (s, lH) ; ' ' C N M R (75 M H z ) 6 17.12，31.59, 41.38, 52.05, 
55.07, 110.70, 123.84, 124.07，138.40，144.77，150.09, 151.10，201.14; H R F A B M S calcd for 
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Part II 
Directed Synthesis ofa//-Homocalix[n]arenes 




Calix[n]arenes are cyclic oligomers which belong to the class o f [ l J m e t a c y c l o p h a n e s . 
The chemistry of cailxarenes can be traced back to Baeyer ' in 1872 and Zinke^ in 1941. Its 
revival in the 1970 's was initiated by Gutsche.^ The phenol- formaldehyde chemistry which 
began over a century ago in the laboratories of Baeyer now stands out as a first chapter in the 
annals of cal ixarene chemistry.^ Though he did not obtain characterizable products f rom the 
phenol and formaldehyde reaction broths, Baeyer gave birth to calixarene chemistry which 
would certainly provide h im with much delight were he still alive to en joy the verdant 
landscape of late twentieth century chemistry, in which the lushness of calixarene 
supramolecular chemistry is clearly visible. The four papers by Zinke^ heralded the 
exci tements that were to be found in the resinous tar of a phenol - formaldehyde condensate, 
and they underpinned an important part of the foundat ion on which calixarene chemistry has 
been built. 
No t until the first report of Gutsche on calix[4]arene,^ did cal ix[n]arenes begin 
II 
capture the spotlight as potential bio-mimics in host-guest chemistry. Calixarenes 
fundamenta l ly consist of phenol rings that are connected to each others by methylene bridges 
at two ortho posi t ions of the phenol ring. Structurally speaking, they are a m e m b e r of the 
metacyclophane family. In the midst of the rapid development of the supramolecular 
chemistry of calixarenes, a / / -homocal ixarenes have recently emerged as a new class of host 
molecules.6 <2//-H0m0calixarenes is a generic term first introduced by Brodesser and Vogtle^ 
to refer to those calixarene analogues which contain symmetr ical ly one addit ional CH2 in all 
their bridges. In contrast to calixarenes which contain a [ 1 n]metacyclophane skeleton, the 
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fl//-homocalixarenes feature a [2"]metacyclophane unit. The structural relationship of these 
two classes of compounds is shown below: 
„ R 
A 入 
K - ^ ^ ^ ^ R R " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ R 




Fig . l . Structural features of calixarenes and a/ /-homocalixarenes. 
In spite of their conformational mobil i ty due to the expanded aliphatic bridges, 
unsubsti tuted a / / -homocal ixarenes and O-funct ional ized a / / -homocal ixarenes have been 
found to act as hosts for solvent molecules or as ligands for ions.6, ^ However , the number of 
“ 
fl//-homocalixarenes and derivatives known to-date is rather l imited and therefore their 
potential as host molecules has not been fiilly realized. The demonst ra ted host properties of 
fl//-homocalixarenes are no doubt attributable in part to their dilated cavit ies in comparison 
with those of the calixarene counterparts but f ine-tuning of these proper t ies can also be 
achieved by strategically placing appropriate funct ional groups on the lower and/or upper rim 
o f a n a / / -homocal ix . The defini t ion of lower r im of the a / / -homocal ixarenes is the side of the 
annular ring which is occupied by the O H groups and the upper rim of the array is the 
opposi te side of the annular ring. At the outset of the present investigation, very f e w synthetic 
routes had been established for a / / -homocal ixarenes and virtually none of them al lowed any 
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degree of flexibility in funct ional group incorporation onto the upper rim of these systems. 
The shortage of synthetic routes for a/ /-homocalixarenes amenable to adornment of 
substituents prompted us to undertake this study with the hope to develop a general approach 
to them. 
II.2. Previous Synthetic Routes for a//-Homocalixarenes 
A survey of the literature revealed that among previous preparations of 
iz//-homocalixarenes, the most widely used synthetic route involved the cyclooligomerization 
of 2-methoxy-1,3-bis(bromomethyl)benzene by the Muller- R6scheisen version^ o f t h e Wurtz 
reaction fo l lowed by demethylat ion as shown in Scheme 1 J^ However , this procedure leads 
to mixtures of products f rom which individual fl//-homocalixarenes are isolated only in 
minute amounts by painstaking chromatographic separation. The advantage of generating 
9 ^ ¾ + f ^ 
W i：^ ." 
6% 8% \ j"^  7 f ^ Na / tetraphenylethene ° ° BBr f = \ on h ^ Brv>yik^Br 一 ~ ~ ^ 0 " ° " HOnQ 
“™ 料 + A ^ 




several fl//-homocalixarenes in one operation, though appealing, is offse t by the tediousness 
of the separation procedure and the meagre yields of individual products . 
To our knowledge, only one example of a rational synthesis of a/ / -homocalixarene 
has been recorded in the literature, ie., the synthesis of /7-tert-butyl-a//-homocalix[4]arene 
reported by Tash i ro ' s groups in 1990. In this work, a cyclic bissulfone precursor was first 
assembled and then subjected to pyrolytic sulfiir dioxide extrusion to give the 0 -methy la ted 
derivative which was demethylated to the final product. A limitation of this approach appears 
to be the diff icul ty in scale-up operations due to the special requirement for the assembly for 
a pyrolysis reactor and the drastic reaction conditions required. Tash i ro ' s synthetic pathway 
is depicted in Scheme 2. 
、一 、 一 ^ ^ � z 
X ^ ' ^ c i J ^ 1CsOH A ^ ^ - V k 5。。。C f � M e + � M e j ， 丄 側 , f OMe � ！M e )  
^ S H a ^ 2.mCPBA k ^ | ^ ^ 0.04-0.05Torr 
z � -
\ / \ z 
f J ^ ^ ^ ^ 
> ^ ^ ^ J > _ ^ j ^ ^ • 
z \ / \ 
Scheme 2 
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II.3. Synthetic Plan 
The host propert ies of a given ^z//-homocalixarene depend to a large extent on its 
cavity size and the functionali t ies on its upper-r im. Therefore , in contemplat ing on new 
synthetic routes to this class of compounds two issues need to be addressed: control of ring 
size and flexibil i ty in funct ional group incorporation. The previous approach by Tashiro^ (see 
Scheme 2) wou ld al low such latitude but the harsh condit ions for the su l fone pyrolysis step 
left m u c h to be desired with regard to funct ional group compat ibi l i ty and large scale 
preparat ion. W e felt that extrusion of sul fone groups by the Ramberg -Back lund reaction'® 
fo l lowed by hydrogenat ion of the resulting olefinic double bonds wou ld lead to the same end 
results but in a m u c h milder manner and thus t u m e d our attention to the suitability of our 
p ro toco l ' ' of the Ramberg-Back lund reaction to the problem on hand. The key reactions 
which w e p lanned to put to test are depicted in Scheme 3 below. 
The idea o f o u r synthetic approach was conceived on the basis o f : (1) the wel l known 
faci le cyc locoupl ing react ions be tween dithiols and benzyl ic d ib romides /^ as in our case 
“ 
be tween 1 and 2，to give di thiacyclophane 3，(2) the ease wi th wh ich b issu l fones o f t h e type 4 
can be conver ted into cyclophanediene 5 by the wel l tested Ramberg -Back lund reaction 
protocol deve loped earlier in our l abo ra to ry / ' and (3) the anticipated easy convers ion o f 5 to 
a / / -homocal ixarenes 6 by rout ine hydrogenat ion and demethyla t ion. B y vary ing the values of 
m and m，in 1 and 2，respectively, and by varying the nature of R and R’，a large number of 
a / / -homoca l ixa renes of d i f ferent cavity sizes and wi th d i f ferent subst i tut ion pat terns could be 
targeted individual ly . 
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II.4. Results and Discussion 
To put to test the feasibility of our proposed synthetic scheme, our initial targets were 
focussed on the parent unsubsti tuted a/ /-homocalixarenes ( 6, R = R ' = H ) of different cavity 
sizes. Accordingly, a series o f b u i l d i n g blocks generalized by structure 7 were first prepared. 
These compounds in principal can be prepared in a number of ways but w e have found that 
sulfone chemistry provides a convenient entry into them. The detail for securing 7 by sulfone 
chemistry is described in the fol lowing paragraphs. 
j ^ OMe 广 
X^^^N^^^^<^f"*^l^^k^^""^|><-^^v^==^^X 
OMe k ^ OMe 
m=0-2 X = Br or SH 
7 
II 
Schemes 4 and 5 depict our synthetic pathways for the two rudimentary building 
blocks 10 and 13. 2 ,6-Dimethylphenol (Scheme 4) and 3-methyl salicyclic acid (Scheme 5) 
were used as the starting materials, both of which are commercia l ly available. Both phenolic 
oxygens were methyla ted by dimethyl sulfate into 8 and 11. A s shown in Scheme 4， 
2,6-dimethylanisole 8 was brominated by N B S to b isbromide 9 which was further 
converted into dithiol 10. The methyl ether format ion o f 3 - m e t h y l salicyclic acid in Scheme 
5 did not p roceed cleanly and the product was found to be contaminated by a variable, though 
small, amount o f t h e methyl ester. However , these slightly contaminated materials posed 
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no serious p rob lem because they could be t ransformed into the ethyl ester 12 with ease. N B S 
brominat ion of 12 provided the s imple building block 13. 
T h e manner s by which building blocks 19 and 20，and bui ld ing b lock 26 were 
assembled by su l fone c h e m i s ^ are shown in Schemes 6 and 7, respect ively. The 
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19 3.H3O+ 20 
S c h e m e 6 
const ruct ion o f ca rbon-carbon double bonds by the R a m b e r g - B a c k l u n d react ion has been a 
long-s tanding t h e m e in our laboratory. '^ The value of o rganosu l fur c o m p o u n d s in serving as 
the precursors fo r a lkenes (and the re f rom to a lkanes) is again demons t ra ted in the present , , 
s tudy. 
T h e seven-s tep react ion sequence indicated by Scheme 6 b e g a n wi th the coupl ing of 
benzyl ic b r o m i d e 13 by sod ium sulf ide to sulf ide 14 wh ich was ox id ized wi th excess w C P B A 
to su l fone 15. Subjec t ing 15 to the one-f lask R a m b e r g - B a c k l u n d react ion pro tocol reported 
by our g roup severa l years a g o ' ' y ie lded st i lbene 16 wh ich was smoo th ly hydrogena ted to 17. 
A series o f rou t ine react ions involving the reduct ion of diester 17 to diol 18，conversion of 18 
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to dibromide 19，and reaction of 19 with thiourea followed by alkaline hydrolysis and 
neutralization delivered the advanced building block 20 which contains two phenyl rings. 
On the other hand, using a similar idea as that of Scheme 6，the six steps outlined in 
Scheme 7 fUmished building block 26 with three phenyl rings. To start of f , coupling of 13 
with dithiol 10 gave the bissulfide 21 which was oxidized to bissulfone 22. 
Ramberg-Backlund reac t ion" of 22 led to distyryl benzene derivative 23 which was 
hydrogenated to 24. Reduct ion of the ester functionalit ies in 24 gave rise to 25 which was 
t ransformed into the desired dibromide 26. 
OMe QMe f ^ 
2 Br^Y^COzEt+ RS^^YY^SH DBU,driedC,H, ( f ^ S v A ^ S ^ ^ ^ 
k J f k J ' ^ ^ T ^ O M e OMe M e O ^ ^ 
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H,0,/H,0,H0Ac | p Y " S 0 j ^ X / S 0 7 ] P ^ KOH/AlA>CBr,F, 
rt l/2hr ； reflux 2 l/2h ^ ^ Q U c OMe M e O " ^ C H A , r U O h ^ 
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With building blocks 19，20，and 26 in hand, the remaining task was to cyclocouple 
them by sulfur-mediated Sw reactions. For the sake of convenience, these cyclocoupling 
reactions will be hereaf ter referred to as "2 + 2"，"2 + 3" and "3 + 3" operat ions where 2 and 
3 are used to denote the number of phenyl rings carried by each coupling partner. Schemes 8 
-10 show how these operations led to the construction of the parent a/ / -homocalix[n]arenes 
where n varies f rom 4 to 6. 
As outlined in Scheme 8，our route to a/ / -homocalix[4]arene was set in motion by a 
“2 + 2" cyclocoupling between 19 and 20 which was conducted under high-dilution 
conditions to f umi sh the dithia[3.2.3.2]metacyclophane 27. Oxidat ion of 27 provided the 
corresponding bissulfone 28 which was subjected to our protocol of the Ramberg-Backlund 
reac t ion" to yield the [2Jmetacyc lophanediene 29 as a single geometr ic isomer. The 
configurat ions of the two newly formed double bonds could not be ass igned on the basis of 
the proton N M R spectrum of 29. However , a strong absorption peak in the IR spectrum o f 2 9 
at 1011 cm_i ( vs 960 cm"' in that of CQ-stilbene) suggested (£) -conf igura t ion for both double 
“ 
bonds. This highly stereoselective double bond format ion was in line wi th the general 
observation that in the construction of stilbenic systems by our Ramberg-Back lund reaction 
procedure, the (£)-conf igura ted products predominated overwhelmingly. '^ The 
t ransformat ion of 29 to a / / -homocal ix[4]arene 31 was accompl ished unevent fu l ly by 
hydrogenat ion to 30 fol lowed by demethylat ion with B B n . It should be ment ioned that 
a / / -homocal ix[4]arene stands as the smallest m e m b e r of the a / / -homocal ixarene series 
to-date. 
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Along a similar theme, Scheme 9 outlines the synthetic pa thway to 
a / / -homocal ix[5]arene 36 starting with a “3 + 2” cyclocoupl ing operation. The 
di thia[3.2.3 .2 .2]metacyclophane 32 obtained was oxidized to the corresponding cyclic 
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t ransformed smooth ly into the [25]metacyclophanediene 34. Aga in the double bond 
conf igurat ions in this compound could not be assigned by inspection of its proton N M R 
I 
spect rum but a s trong IR absorpt ion peak at 1008 c m ] suggested (£)-s tereochemist ry . 
Rout ine hydrogenat ion f r o m 34 to 35 and demethylat ion of 35 del ivered 36. The 
fl//-homocalix[5]arene 36 synthesized by our methodology displayed identical N M R , M S and 
mel t ing-point data wi th those reported by Vogtle^^ earlier. 
Scheme 10 shows h o w a sul fur-mediated “3 + 3 " cyclocoupl ing paved the way to the 
synthesis of a / / -homocal ix[6]arene (42). On t reatment of d ibromide 26 wi th sod ium sulf ide in 
ethanol the di thia[3.2 .2 .3 .2 .2]metacyclophane 37 was obtained. Interest ingly, the self 
ring-closing "3 + 0” react ion which would lead to the th ia[3 .2 .2]metacyclophane 38 did not 
occur probably owing to a large negative entropy of activation for such a react ion. The 
t ransformat ion of 37 into the final target 42 proceeded through b issul fone 39， 
[2tf]metacyclophanediene 40，and hexa -0 -me thy la t ed a / / -homocal ix[6]arene 41 on the same 
mot i f as that shown in Schemes 8 and 9. The structure of 41 was consis tent wi th its N M R , 
M S and mel t ing point data which were identical with those reported by Vogtle7^ 
“ 
A s men t ioned earlier, two important considerat ions were b o m in m i n d by us in the 
design o f a genera l synthet ic scheme for a / / -homocal ixarenes : (1) the control of cavity size 
and (2) a h igh degree of f lexibil i ty in the incorporat ion of subst i tuents on the upper rim of 
these c o m p o u n d s . Tha t the cavity size can be control led at will w a s amp ly demons t ra ted by 
the a s sembly of a / / -homocal ix[4] - , [5]-, [6]arenes 31，36, 42 s h o w n in S c h e m e s 8，9，10， 
respect ively. T h e remain ing part of the work of this thesis was devo ted to il lustrate the 
lati tude of our synthet ic approach by which subst i tuents can be in t roduced onto the upper rim 
48 
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on the a/ /-homocalixarene skeletons. Toward this end, we undertook the synthesis of 
5-bromo-a//-homocalix[5]arene 43. The reason for the selection of this particular compound 
as a target was that we envisioned it as a potential precursor of a bis-a//-homocalixaryl 
system o f t h e type 44 which may be used as host molecule for bifunctional guests. 
， / ^ " ^ ^ ^ ^f^ ………• (X^ oc^ ^^ ¾ ^ ^ ^ 
43 44 
The starting point for the construction of 43 according to our general synthetic 
scheme was the procurement of the primordial building block 48 which was readily 
“ 
assembled by four conventional reactions starting from 2,6-dimethylphenol as shown in 
Scheme 11. The chemistry involved in the bromination of 2,6-dimethylphenol to 45’ the 
methylation of 45 to 46，and the side-chain bromination o f 4 6 to 47, is s traightforward and it 
is only worthwhile to mention that in the conversion of dibromide 47 to dithiol 48^ the 
hydrolysis step was best conducted under nitrogen to avoid air-oxidation of the resulting 
dithiol or its thiolate salt. 
50 
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Scheme 11 
With dithiol 48 having been secured, we intended to stage a “4 + 1” cyclocoupling 
operation to initiate the assembly of the bromo-a/ / -homocal ix[5]arene 43. Accordingly, a 
six-step react ion sequence as outlined in Scheme 12 was executed to reach the four-benzene 
ring building b lock 54，These six steps consisted of : (1) the anchor ing of two additional 
phenylmethyl moiet ies onto 20 to give bissulf ide 49，(2) the oxidat ion of 49 to the 
corresponding bissul fone 50，(3) the Ramberg-Backlund reaction on 50 to give the bisstyryl 
compound 51，（4) hydrogenat ion of 51 to 52，(5) reduction o f t h e two ester functionali t ies in 
52 to diol 53，and (6) the conversion of 53 into dichloride 54. The conf igura t ions of the two 
double bonds in 51 again could not be deduced f rom its proton N M R spec t rum because o f t h e 
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essentially identical chemical shifts of the two sets of vinylic protons in it. Though these two 
double bonds are likely to have (£)-configurations, their stereochemistry was of no 
particular consequence in our synthesis because of the following hydrogenation reaction. At 
this point, it serves well to point out again that Ramberg-Backlund chemistry can be used to 
great advantage in the construction of carbon-carbon bonds. 
With both the dithiol 48 and dichloride 54 in hand, the stage was set for a “4 + 1" 
operation for the build-up of 43，the steps of which are shown in Scheme 13. In the event, 
48 and 54 were cyclocoupled to yield 55 which was oxidized to bissulfone 56. 
Ramberg-Backlund reaction of 56 gave cyclophanediene 57 whose double bonds were likely 
to be (£)-configurated (strong IR absorption at 1011 cm]). Hydrogenation o f 5 7 yielded 58 
which on demethylation completed the synthesis to deliver the final target 43. Because of 
time constraint, our synthetic effort came to rest at the synthesis of 43，and the proposed 
synthesis of 44 will soon be put to test by a co-worker in our laboratory. In spite of this 
unfinished task, on the part of the author he hopes that this work carries the message that our 




卞 + c , J ^ r ^ H ^ c , 徵 
Br V 0 � C — r t 
48 54 54% Br Br 
A 众 
tS OMe S � SO2 OMe S ^ 
OMe M e O ^ " 她 0 ’ 舰 _ 。 ^ J ^ ^ ^ B r - F : 
V = / r t l h ; 7 5 °C, 2h V _ ^ M e U - y ^ CH2Cl2, rt, 76% 
O M e M e o S 75% / OMeMeO ) C « o ^ 
55 56 
^ r 4 ^ _ j i u ^ 
C ^ O M e M e O - f ^ P d / C , H , ‘ OT^ C^^ ^^ lT^  
\ ^ l i e u > ^ 隐 丄 6 1 % . Y ^ o M e ^ ^ h e O ^ 




U ^ ^ Y " s ^ ^ ^ V ^ " " " Y ^ 
B B r 3 , C H A S ^ O H OH H o V ‘ 





We have developed a convenient methodology for the directed synthesis of 
a//-homocalix[4]arene (31)，a//-homocalix[5]arene (36), and a//-homocalix[6]arene (42) 
utilizing the simple building blocks 3,3'-bis(bromomethyl-2,2'-dimethoxy)-1,2-
phenylethane (19) and 3,3'-bis(mercaptomethyl-2,2'-dimethoxy)-l,2-phenylethane (20)， 
2,6-bis[2-(3- bromomethyl- 2-methoxyphenyl)ethyl]anisole (26) for sulfur-mediated 
cyclocoupling in a “2 + 2”，“2 + 3”，or "3 + 3" manner. As demonstrated by the above 
syntheses, the Ramberg-Backlund reaction - hydrogenation methodology serves well as a 
mild alternative for the pyrolytic sulfur dioxide extrusion method in a//-homocalixarene 
synthesis. Attractive features of our synthetic approach are the capability for large scale 
operations and flexibility in functional group incorporation. The 
bromo-^z//-homocalix[5]arene 43 was prepared by a similar synthetic route from the building 
blocks 4-bromo-2,6-dimercaptomethylanisole (48) and 3,3 ‘ -bis [(3 -chloromethyl-
2-methoxyphenyl)ethyl]-2,2'-dimethoxy-l,2-diphenylethane (54) which were cyclocoupled 
in a “4 + 1" fashion to form the cyclic precursor 55. By means of the Ramberg-Backlund 
” 
reaction - hydrogenation procedure the targeted compound 43 was obtained in reasonably 
good yield. The bromo-a//-homocalix[5]arene with a bromo anchoring site at the upper rim 
should serve as a handle for binding of two upper rims of a//-homocalix[5]arenes through an 




For information on the general aspect of the experimental undertakings in this part of 
the thesis, please see Experimental section in Part I. 
Preparation ofThe KOH/Al2O3 Catalyst 
To 500 mL of MeOH contained in a 1000 mL round-bottomed flask was added 160 g 
ofcommercial KOH pellets (80 % in KOH) under vigorous stirring. An ice bath was used to 
moderate the temperature when necessary. After all the KOH had been dissolved, 320 g of 
Al2O3 (E-Merck, 1.01077. neutral, 70-230 mesh) was added and stirring was continued for a 
further 30 min. After all the MeOH had been removed by rotavaporation, the residual solid 
was further rotavaporated for 2 h at 80-100�C. In the course of latter event, the flask had to 
be detached from the rotavaporator intermittently as needed so that the crust that formed 
could be broken up into a free-flowing powder with the aid of a spatula. Additional drying 
under vacuum at room temperature left a free-flowing powder which showed a long shelf life 
when kept in a tightly capped container. 
2,6-Dimethyl anisole (8). To a solution of commercial KOH (24.6 g, 0.44 mol in KGH) in 
H2O (150 mL) was first added 2,6-dimethyl phenol (38.4 g, 0.31 mol) and then Me2SO4 (35.8 
mL，0.38 mol) in one portion at room temperature. In the course of stirring for 2 h at room 
temperature, a deep red coloured solution was formed. The reaction mixture was then heated 
to 85°C and maintained at that temperature for 10 h to ensure completion ofmethylation. 
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Upon cooling down to room temperature, dilute aqueous KOH was added to the resulting 
reaction mixture until pH 10-11 and the mixture was stirred for 1 h to destroy excess 
Me2SO4. Extraction with hexane (3 x 150 mL), washing with H2O (100 mL) and brine (100 
mL), drying over MgSO4, and rotavaporation of solvent gave an orange liquid which was 
vacuum distilled to afford the essentially pure 8 (38.5 g, 90%) as a colourless oil: bp 180-183 
� C (lit.i4 bp 182 °C); iH NMR (300 MHz) 6 2.29 (s, 6H), 3.73 (s, 3H), 6.89-6.94 (m, lH), 
7.01 (d，7.5 Hz, 2H); ^^ C NMR (75 MHz) 5 15.85，59.32, 123.65, 128.64，130.61，156.85; 
EI-MS m!z (%) 136 (M+，96)，122 (34), 121 (100), 107 (25), 91 (84)，77 (70). 
2,6-Bis(bromomethyl) anisole (9). A mixture of A^-bromosuccinimide (61.0 g，0.34 mol), 
2,6-dimethyl anisole 8 (21.2 g, 0.16 mol) and a catalytic amount ofbenzoyl peroxide (0.76 g, 
3.1 mmol) in dry CCU (350 mL) was heated at reflux with vigorous stirring under 
continuous irritation with a 450W sunlamp for 3 h. Upon cooling to room temperature, the 
reaction mixture was filtered to remove succimide with washing by fresh CCl4 and the filtrate 
was washed with saturated aqueous Na2S2O7 (5 x 150 mL) and brine (60 mL). The CCl4 
“ 
solution was dried over MgSO4, and rotavaporated to give an orange solid which was purified 
by recrystallization from hexane-EtOH to afford pure 9 (40.4 g, 88%) as white needle: mp 
83.5-83.9�C (lit.i5 83 mp ); 'H NMR (300MHz) 6 4.03 (s, 3H), 4.57 (s, 4H), 7.12 (t, > 7 . 5 
Hz, lH), 7.38 (d, /=7.8 Hz, 2H); � c NMR (75 MHz) 5 27.49, 62.25, 125.07，131.93, 
132.23; EI-MS m/z (%) 294 (M+，2), 95 (20), 91 (60), 89 (29), 65 (93), 63 (100), 52 (34)，51 
(89). 
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2,6-Bis(mercaptomethyl) anisole (10). A solution of bromide 9 (24.4 g，0.083 mol) in dry 
THF (50 mL) was added slowly over 30 min at room temperature under N2, through a 
dropping funnel, to a suspension of thiourea (12.6 g，0.17 mol) in dry THF (150 mL). In the 
course of addition, a tan coloured solid accumulated in the reaction flask. Upon complete 
addition, the resulting mixture was refluxed for 1.5 h. On cooling, a sticky tan coloured 
semi-solid settled at the bottom of reaction flask. The THF supernatant was decanted off and 
the residue was washed repeatly with fresh THF. The resulting residue was dried in vacuo to 
give a tan coloured powder to which was added to a solution o f N a O H (7.3 g) in H2O (150 
mL) at 0 °C under N2. The resulting alkaline mixture was stirred for 1 h at reflux under N2, 
then cooled in an ice bath and acidified with dilute HC1 until pH 2-3; Extraction of the 
acidified aqueous solution with Et2O (3 x 150 mL), washing the combined extracts with H2O 
(80 mL) and brine (80 mL), drying of the organic solution over MgSO4，and rotavaporation 
of solvent gave essentially pure 10 (6.37 g, 39%) as a pale yellow oil. This material was used 
in the next step without further purification : 'H NMR (300 MHz) 6 1.89 (t, 7=7.5 Hz, 2H), 
3.77 (d, y=7.8 Hz, 4H), 3.90 (s, 3H), 7.07 (t, 7=7.8 Hz, lH), 7.24 (d, J=7.8 Hz, 2H); "C NMR 
(75 MHz) 6 23.10，62.26, 124.87, 129.18，134.71，155.33. 
“ 
2-Methoxy-3-methyl benzoic acid (11). 3-Methyl salicylic acid (42.5 g, 0.28 mol) was 
added cautiously to a solution o f K O H (31.0 g, 0.56 mol) in H2O (250 mL) a t O � C � T o the 
resulting aqueous salicylic solution at room temperature was added Me2SO4 (32 mL, 0.34 
mol) droppise over 2 h. The reaction mixture was then heated at 75 °C for 2 h. After the 
reaction mixture was cooled to room temperature, a second portion of a solution of KOH (94 
g，1.68 mol) in H2O (350 mL) was added. Additional Me2SO4 (93 mL, 0.98 mol) was added 
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into the same reaction flask dropwise over 2 h at room temperature. Then the mixture was 
heated at 85 °C for 6 h., cooled to room temperature, treated with excess aqueous KOH until 
pH 10-11 and set aside with stirring for 1 h to ensure complete destruction of excess Me2SO4, 
then acidified with dilute HC1. Extraction of the aqueous mixture with Et2O (3 x 300 mL), 
washing of the combined extracts with H2O (250 mL) and brine (250 mL), drying of the 
organic solution over MgSO4, removal of solvent by rotavaporation gave a crude 
material (40.6 g) which as shown by 'H NMR to contain about 70% of phenolic methylated 
product 11 16 and 30% of the expected 3-methyl salicylic acid. This material, in the form of 
colourless oil mixed with white solid was used without further purification in a next step. 
From the 'H NMR (300 MHz) spectrum of this mixture, the resonance signals for 
2-methoxy-3-methyl benzoic acid can be identified as: 5 2.38 (s, 3H), 3.92 (s, 3H), 7.17 (t, 
J=9 Hz, lH), 7.46 (d, J=3 Hz, lH), 7.94 (d, J=3 Hz, lH). 
Ethyl 2-methoxy-3-methyl benzoate (12). To a solution of the crude methoxy benzoic acid 
11 [estimated by 'H NMR spectrum to have contained 30.7 g，(0.19 mol) of net 11] in 
absolute EtOH (250 mL) at 0 °C was added conc. H2SO4 (5 mL). After refluxing for 11 'h, 
the reaction mixture was cooled to room temperature and the solvent was removed by 
rotavaporation to afford a pale yellow syrup which was taken up in CH2Cl2 (250 mL). 
Washing of the CH2Cl2 solution with saturated aqueous K2CO3 (3 x 100 mL), H2O (150 mL) 
and brine (80 mL), drying over MgSO4 and rotavaporation of solvent left a material which 
4 
was flash-chromatographed over silica gel (500 g) using hexane-EtOAc (30 : 1，v/v) as eluent 
to afford essentially pure 12 (23.0 g, 64%) as a colourless oil. The ethyl 3-salicylate as a side 
product arising from the impurity in the starting material was obtained from the first few 
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portions of eluent before the 12 elueted out. : 'H NMR (300 MHz) 5 1.38 (t, J=5.1 Hz, 3H), 
2.30 (s, 3H), 3.82 (s, 3H), 4.37 (q, > 7 . 2 Hz, 2H), 7.02 (t, J=7.8 Hz, lH), 7.30 (d, J=12 Hz, 
lH), 7.62 (d, y=7.8 Hz, lH); '^C N M R (75 MHz) 5 13.96，15.67，60.61，61.08，123.19, 
124.72，128.75，132.34，134.66，157.97，166.16; EI-MS m/z (%) 195 [(M + 1)+，44], 194 (M+， 
51), 165 (21)，149 (100)，147 (66), 119 (32)，91 (43). 
Ethyl 2-methoxy-3-bromomethyl benzoate (13). A mixture of iV-bromosuccinimide (19.8 
g，0.11 mol), ethyl 2-methoxy-3-methyl benzoate 12 (21.3 g, 0.11 mol) and a catalytic 
amount of benzoyl peroxide (0.5 g，2.2 mmol) in dry CCU (250 mL) was refluxed for 2 h. 
After the reaction mixture was cooled to room temperature, the succimide was filtered off 
with washing by fresh CCU and the filtrate was extracted with saturated aqueous Na2S2O7 (5 x 
80 mL) and brine (60 mL), dried over MgSO4, and rotavaporation to give essentially pure 13 
(24.6 g，82%) as pale yellow oil. This material was used without purification in the next step: 
'H NMR (300 MHz) 5 1.41 (t, J=7.2 Hz, 3H), 3.98 (s, 3H), 4.40 (q, J= 12 Hz, 2H), 4.59 (s, 
2H), 7.14 (t, > 7 . 8 Hz, lH), 7.56 (dd, J=7.8, 1.8 Hz, lH), 7.79 (dd, J=7.8,1.8 Hz, lH). 
“ 
Bis(3-carboethoxy-2-methoxybenzyl) sulfide (14). To a solution of commercial Na2S nH2O 
(4.21 g, 0.033 mol in Na2S) in EtOH (300 mL) at 0 � C under N2 was added dropwise over 30 
min a solution of ethyl 2-methoxy-3-bromomethyl benzoate 13 (17.84 g, 0.065 mol) in EtOH . 
(50 mL) and the resulting mixture was allowed to reach room temperature and was stirred for 
10 h. To the reaction mixture was added H2O (100 mL) and the aqueous suspension was 
subjected to rotavaporation to remove the EtOH therein. The aqueous residue was extracted 
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with C H 2 C l 2 (3 X 150 mL) and the combined organic extracts was washed with H2O (3 x 
lOOmL) and brine (80 mL). Drying over MgSO4 and rotavaporation of solvent left a crude 
product as an orange liquid which was flash-chromatographed over silica gel (250 g) using 
first hexane-EtOAc (15 : 1，v/v), and then to hexane-EtOAc (8 : 1，v/v) as eluents to afford 
pure 14 (12.02 g，87%) as a colourless oil: 'K NMR (300 MHz) 6 1.40 (t, J=7.2 Hz, 6H), 
3.78 (s, 4H), 3.85 (s, 6H), 4.39 (q, J=12 Hz, 4H), 7.11 (t, J=7.8 Hz, 2H), 7.50 (dd, 7=7.5, 1.8 
Hz, 2H), 7.72 (dd, J=7.8, 1.8 Hz, 2H); ^^ C NMR (75 MHz) 6 14.09’ 30.31，60.94’ 62.64, 
123.39，124.85，130.47，132.74，134.33，158.13，165.97; HRFABMS calcd for C22H27O6S+ 
(M)M19.1523,found419.1511. 
Bis(3-carboethoxy-2-methoxybenzyl)sulfone (15). To a solution of sulfide 14 (7.14 g, 
O . O i 7 m o l)inCH2Cl2 (220 mL) atO°C was added a first portion of mCPBA (8.83 g，0.051 
mol) and the resulting mixture was stirred for 28 h at room temperature, after which a second 
portion of mCPBA (4.40 g, 0.025 mol) was added. After having been further stirred for 17 h 
at room temperature, saturated aqueous K2CO3 was added to the mixture with ice bath 
•I 
cooling and the organic layer was separated by a separatory funnel. Extraction of the C H 2 C l 2 
solution with fresh saturated aqueous K2CO3 (4 x 120 mL) was carried to ensure complete 
removal of organic acids. The organic layer was dried over MgSO4 and the solvent was 
removed by rotavaporation to afford the crude product which was flash-chromatographed 
over silica gel (220 g) using first hexane-EtOAC-CH2Cl2 (40 : 10 : 1，v/v/v), then . 
hexane-EtOAC-CH2Cl2 ( 2 0 : 1 0 : 1 , v/v/v), and finally hexane-EtOAC-CH2Cl2 ( 1 0 : 1 0 : 1， 
v/v/v) as eluents afforded pure 15 (6.38 g, 83%) as a white solid. An analytical sample was 
obtained by recrystalization from hexane-EtOAc : mp 89.7-90.3 °C; 'H NMR (300 MHz) 6 
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1.40 (t, J= 7.2，6H), 3.86 (s, 6H), 4.39 (one s coinciding with the center of one q, 7=7.2 Hz, 
8H for the two signals), 7.19 (t, J=7.8 Hz, 2H), 7.63 (dd, J=7.5,1.5 Hz, 2H), 7.87 (dd, J=7.8, 
1.8 Hz, 2H); i3c NMR (75 MHz) 6 14.13，52.47, 61.25, 63.04，122.22, 123.67, 124.74， 
132.80, 136.21，158.92，165.60; FAB-MS mlz (%) 451 (M+，22), 405 (100), 193 (29)，165 
(14). Anal. Calcd for C22H26O8S: C, 58.65; H, 5.82. Found: C, 58.54; H, 5.85. 
3,3'-Dicarboethoxy-2,2'-dimethoxystilbene (16). To a rapidly stirred suspension of 
sulfone 15 (5.10 g, 0.011 mol) in CH2Cl2 (200 mL) kept a t O � C was added the KOH/Al2O3 
catalyst (44.8 g) followed by CBr2F2 (5 mL). After having been stirred for 1 h at room 
temperature, the reaction was filtered through a pad of Celite in a sintered glass funnel under 
suction and the filter-cake was washed with fresh CH2Cl2 (750 mL). Removal of solvent by 
rotavaporation left a white solid which was flash-chromatographed over silica gel (80 g) 
using hexane-EtOAc-CH2Cl2 (8 : 1 : 1，v/v/v) as eluent to afford pure 16 (3.34 g, 79%) as 
white crystal. An analytical sample was prepared by recrystalization from hexane-EtOAc: mp 
71.3-71.5�C; 'H NMR (300 MHz) 5 1.42 (t, J=7.2 Hz, 6H), 3.89 (s, 6H), 4.41 (q, J=7.2 Hz, 
•• 
4H), 7.20 (t，y=7.8 Hz, 2H), 7.47 (s, 2H), 7.74 (dd, J=7.5, 1.5 Hz, 2H), 7.83 (dd, J=7.8, 1.5 
Hz, 2H); i3CNMR(75 MHz) 5 14.21，61.09，62.73，123.95, 124.35, 125.72, 130.24，130.70， 
132.33, 157.52，166.13; EI-MS mlz (%) 384 (M+，100), 370 (55), 339 (7)，277 (17)，264 (16), 
236 (12). Anal. Calcd for C22H24O6： C, 68.74; H, 6.29. Found: C, 68.76; H, 6.29. � 
I 
3,3'-Dicarboethoxy-2,2'-dimethoxy-l,2-phenylethane (17) A mixture of stilbene 16 (3.76 
g, 9.8 mmol) and 10% Pd-C catalyst (0.15 g) in EtOAc (90 mL) was hydrogenated at room 
62 
temperature under one atmospheric pressure of H2 for 3 h. The resulting mixture was filtered 
through a pad of Celite in a sintered glass filtering ftmnel under suction and the filter-cake 
was washed with EtOAc (250 mL). Removal of solvent by rotavaporation gave essentially 
pure 17 (3.78 g, 100%) as a white solid. An analytical sample was prepared by 
recrystalization from hexane-EtOAc: mp 58.8-59.9�C ； 'U NMR (300 MHz) 6 1.41 (t, J=7.2 
Hz, 6H), 2.96 (s, 4H), 3.87 (s, 6H), 4.40 (q, > 7 . 2 Hz, 4H), 7.07 (t, 7=7.8 Hz, 2H), 7.32 (dd, 
J=7.5, 1.8 Hz, 2H), 7.68 (dd, /=7.8，1.8 Hz, 2H); ' 'C NMR (75 MHz) 5 14.16, 31.05，60.92， 
62.25, 123.46, 124.78, 129.53, 134.18, 136.11，158.18, 166.32; HRFABMS calcd for 
C22H27O6 (M + 1)+ 387.1802, found 387.1808. Anal, calcd for C22H26O6： C, 68.38; H, 6.78. 
Found: C, 68.36; H, 6.85. 
3,3'-Bis(hydroxymethyl-2,2'-dimethoxy)-l,2-phenylethane (18). To a solution of ester 17 
(3.56 g, 9.2 mmol) in distilled THF (120 mL) was added LAH (2.09 g，0.055 mol) at 0 °C 
under N2 at such a rate that no reflux occurred. After stirring for 2 h at room temperature, 
unreacted LAH was decomposed by cautious addition of EtOAc (15 mL) with ice-bath 
“ 
cooling, followed by the addition，with vigorous stirmng, of H2O (80 mL), to render the 
mixture convenient for workup. Extraction of the aqueous mixture with EtOAc (4 x 75 mL), 
washing of the organic layer with H2O (80 mL) and brine (100 mL), drying over MgSO4, and 
» 
rotavaporation of solvent gave essentially pure 18 (2.78 g, 100%) as a white solid. An 
analytical sample was prepared by recrystalization from hexane-EtOAc : mp 148.3-150.1 °C ； • 
iH N M R (300 MHz) 5 1.79 (br s，2H), 2.95 (s，4H), 3.83 (s, 6H), 4.75 (s, 4H), 7.08 (t, J=12 
Hz, 2H), 7.18-7.26 (m, 4H); '^C NMR (75 MHz) 6 30.98,61.62, 124.51, 127.28, 130.06, 
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135.06; FAB-MS m/z (%) 302 (M+，6)，296 (22), 295 (100), 285 (47)，154 (59)，136 (41). 
Anal. Calcd for C,8H22O4: C, 71.50; H, 7.33. Found: C, 71.25; H，7.35. 
3,3'-Bis(bromomethyl-2,2'-dimethoxy)-l,2-phenylethane (19). To a suspension of diol 
18 (2.39 g, 7.9 mmol) was added PBr3 (5.20 mL，55.3 mmol) in dry benzene (120 m L ) -
CH3CN (45 mL) at 0�C，and then pyridine (2 mL). After having been stirred for 3 h at 0 °C, 
the temperature was raised to room temperature and further stirring was maintained for 8 h. 
Quenching with ice cold H2O (80 mL), extraction of the aqueous mixture with Et2O (4 x 100 
mL), washing of the combined extracts with H2O (100 mL) and brine (120 mL), drying over 
MgSO4 and removal of solvent by rotavaporation afforded essentally pure 19 (3.29 g, 97%) 
as a white solid. An analytical sample was prepared by recrystalization from 
hexane-EtOAc-CH2Cl2 : mp 129.9-131.6�C ； 'H NMR (300 MHz) 6 2.94 (s, 4H), 3.91 (s, 
6H), 4.61 (s, 4H), 7.07 (t, J=l,5 Hz, 2H), 7.19 (dd, 7=7.5，1.5 Hz, 2H), 7.28 (dd, J=1.5, 1.5 
Hz, 2H); i3c N M R (75 MHz) 5 28.36, 30.93，61.71，124.63, 129.59, 130.98，131.43， 
135.38，156.65; HRFABMS calcd for C,8H20O2Br2" (M)+ 427.9804, found 427.9794. Anal. 
Calcd for Ci8H20O2Br2: C, 50.47; H, 4.71. Found: 50.38; H, 4.78. 
1/ 
3,3'-Bis(mercaptomethyl-2,2'-dimethoxy)-l,2-phenylethane (20). Thiourea (1.41 g，18.6 
mmol) was added to a suspension of dibromide 19 (3.18 g，7.4 mmol) in MeOH (80 mL) at 
room temperature under N2. After refluxing for 2 h, MeOH was removed by rotavaporation < 
to give a white powder to which was added to a solution of 10% aqueous NaOH (80 mL) at 0 
°C under N2. The resulting mixture was stirred at room temperature for 2 h and then heated at 
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55 °C for 0.5 h. Upon acidification at 0 � C with dilute HC1 until pH 2-3，the mixture was 
extracted with CH2Cl2 (3 x 110 mL), washed with H2O (80 mL) and brine (80 mL) and dried 
over MgSO4. Removal of solvent by rotavaporation afforded a crude product which was 
flash-chromatographed over silica gel (50 g) using hexane-CH2Cl2 (2 : 1，v/v) as eluent， 
delivered essentially pure 20 (2.49 g, 100%) as white solid. An analytical sample was 
prepared by recrystalization from hexane-EtOAc : mp 83.9-85.2�C; !H NMR (300 MHz) 5 
1.92 (t, y=7.8 Hz, 2H), 2.95 (s, 4H), 3.80 (d, J=1.5 Hz, 4H), 3.85 (s, 6H), 7.06 (t, J=1.5 Hz, 
2H), 7.16 (dd, 7=7.5，1.8 Hz, 2H), 7.22 (dd, > 7 . 5 , 1.8 Hz, 2H); '^C N M R (75 MHz) 5 
28.36，30.93，61.71，124.63，129.59, 130.98，131.43’ 135.38，156.65; EI-MS mlz (%) 334 
(M+，3)，301 (100), 285 (4)，269 (83), 237 (10)，167 (19)，121 (67)，105 (13). Anal. Calcd for 
C,8H22O2S2: C, 64.63; H, 6.63. Found: C, 64.48; H, 6.48. 
2,6-Bis(3-carboethoxy-2-methoxybenzylthiomethyl)anisole (21). A solution of 
2,6-bis(mercaptomethyl)anisole 10 (1.60 g, 8.15 mmol) and ethyl 2-methoxy-3-bromomethyl 
benzoate 13 (4.45 g, 16.3 mmol) in dried benzene (70 mL) under N2 was stirred for 5 min at 
II 
room temperature, after which 1,8-diazabicyclo[5.4.0]undec-7-ene (3.65 mL, 24.5 mmol) 
was added by means of a syringe under N2. In the course of stirring at room temperature for 
16 h, a white percipitate in a yellow solution was formed. Quenching of the reaction mixture 
with dilute HC1. Extraction of the aqueous mixture with CH2Cl2 (3 x 75 mL), washing of the 
combined extracts with H2O (80 mL) and brine (50 mL), drying over Na2SO4，and . 
rotavaporation of solvent gave the crude product as an orange syrup which was 
flash-chromatographed over silica gel (100 g) using hexane-EtOAc-CH2Cl2 (10 : 1 : 5, v/v) as 
eluent to afford pure 21 (3.83 g，80%) as a creamy yellow clear syrup: )H NMR (300 MHz) 
65 
6 1.40 (t, J= 7.2 Hz, 6H), 3.74 (s, 4H), 3.75 (s, 4H), 3.79 (s, 3H), 3.85 (s, 6H), 4.38 (q, J=12 
Hz, 4H), 7.02-7.12 (m, 3H), 7.26 (d, > 7 . 8 Hz, 2H), 7.49 (dd, J=8.3, 1.5 Hz, 2H), 7.72 (dd, 
y=7.8, 1.8 Hz, 2H); 13C NMR (75 MHz) 5 14.15，30.44，30.57, 61.00，62.06, 62.72, 123.42, 
124.17，124.90，129.82, 130.49，131.40, 132.90，134.38, 156.56, 158.19, 166.07; HRFABMS 
calcd for C31H37O7S2+ (M+ H)+ 585.1975, found 585.1976. 
2,6-Bis(3-carboethoxy-2-methoxybenzylsulfonylmethyl)anisole (22). To a solution of 
bissulfide 21 (3.40 g，5.8 mmol) in acetic acid (60 mL) was added 35% H2O2 (6.8 mL, 0.07 
mol in H2O2) and the resulting mixture was stirred for 0.5 h at room temperature and then at 
85 °C for 2.5 h. Upon cooling to room temperature, H2O (50 mL) was added and the turbid 
mixture was left in an ice bath to allow coagulation into a creamy yellow precipitate. 
Extraction of the aqueous suspension with CH2Cl2 (50 mL x 3). Washing of the combined 
organic extracts with saturated aqueous K2CO3 (6 x 40 mL), H2O (50 mL) and brine (50 mL), 
drying over MgSO4 and rotavaporation of solvent gave a slightly yellow powder which was 
purified by recrystalization from hexane-EtOAc-CH2Cl2 to afford pure 22 (2.83 g, 75%) as a 
white crystal: mp 150.1-150.6 °C; 'H NMR (300 MHz) 6 1.40 (t, J=6.9 Hz, 6H), 3.70 (s, 3 ¾ , 
3.85 (s, 6H), 4.32-4.42 (m, 12H), 7.19 (tt, J=8.1, 7.8 Hz, 3H), 7.54 (d, J=7.8 Hz, 2H), 7.61 
(dd, /=7.7，1.5 Hz, 2H), 7.86 (dd, 7=7.8, 1.8 Hz, 2H); " c NMR (75 MHz) 5 14.19’ 52.73, 
61.33,63.03， 6 3 . 1 3，121.72, 1 2 2 . 3 1 ， 1 2 3 . 8 1 , 1 2 4 . 8 2 ， 1 2 5 . 0 4 , 1 3 2 . 9 0 ， 1 3 3 . 6 3 , 1 3 6 . 3 3 , J 5 8 . 3 4 , 
158.89, 165.64; FAB-MS m/z (%) 649 (M+，26), 603 (100)，474 (28), 193 (61)，165 (44)，135 . 
(45). Anal. Calcd for C31H36O,,S2: C, 57.39; H, 5.59. Found: C, 57.20; H, 5.61. 
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2,6-Bis(3-carboethoxy-2-methoxystyryl)anisole (23). To a rapidly stirred suspension of 
b i s s u l f o n e 2 2 ( 2 . 2 5 g , 3 . 5 m m o l ) i n CH2Cl2 ( 1 0 0 m L ) k e p t at 0 。 C w a s a d d e d t h e KOH / A l 2 O 3 
c a t a l y s t ( 9 0 g ) f o l l o w e d b y C B r 2 F 2 ( 8 m L ) a n d t h e r e a c t i o n v e s s e l w a s i m m e d i a t e l y 
s t o p p e r e d . A f t e r h a v i n g b e e n stirred f o r 1 0 h at r o o m t e m p e r a t u r e , t h e r e a c t i o n m i x t u r e w a s 
filtered t h r o u g h a p a d o f C e l i t e i n a s i n t e r e d g l a s s f u n n e l u n d e r s u c t i o n a n d t h e filter-cake 
w a s w a s h e d w i t h f r e s h C H 2 C l 2 ( 5 5 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n left a p a l e 
y e l l o w o i l y l i q u i d w h i c h w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 8 0 g ) u s i n g 
h e x a n e - E t O A c ( 8 : 1, v / v ) a s e l u e n t to a f f o r d p u r e 2 3 ( 1 . 5 3 g , 8 5 % ) a s a w h i t e crystal: m p 
9 1 . 3 - 9 2 . 5。 C ; i H N M R ( 3 0 0 M H z ) 5 1 . 4 2 (t, J = 1 2 H z , 6 H ) , 3 . 8 2 (s, 3 H ) , 3 . 9 0 (s, 6 H ) , 4 . 4 1 
(q，J=12 Hz, 4H), 7.21 (t, J=1.5 Hz, 3H), 7.49 (s, 4H), 7.63 (d, >7.5 Hz, 2H), 7.74 (dd, 
7 = 7 . 8， 1 . 8 H z , 2 H ) , 7 . 8 5 ( d d , J = 7 . 8 , 1.5 H z , 2 H ) ; " C N M R ( 7 5 M H z ) 5 1 4 . 1 1， 6 0 . 9 3， 6 1 . 9 6， 
62.55, 1 2 3 . 7 0 , 1 2 3 . 8 1 , 1 2 4 . 5 2 , 1 2 4 . 8 1 ， 1 2 5 . 6 1 , 126.00，130.09，130.39，131.07，132.42, 
1 5 5 . 8 6 , 1 5 7 . 3 5 , 1 6 6 . 0 1 ; H R F A B M S c a l c d f o r C 3 1 H 3 2 O 7 X M ) " 5 i 6 . 2 i 4 2 , f o u n d 5 1 6 . 2 1 3 7 . 
2,6-Bis[2-(3-carboethoxy-2-methoxyphenyl)ethyl]anisole ( 2 4 ) . A s u s p e n s i o n o f 
II 
c o m p o u n d 2 3 ( 1 . 2 6 g , 2 . 4 m m o l ) a n d 1 0 % P d - C c a t a l y s t ( 0 . 1 5 g ) i n E t O A c ( 8 0 m L ) w a s 
h y d r o g e n a t e d at r o o m t e m p e r a t u r e u n d e r o n e a t o m s p h e r i c p r e s s u r e o f H 2 f o r 1 2 h . T h e 
r e s u l t i n g m i x t u r e w a s filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s f u n n e l u n d e r s u c t i o n 
a n d t h e f i l t e r - c a k e w a s w a s h e d w i t h E t O A c ( 3 2 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n 
a f f o r d e d e s s e n t i a l l y p u r e 2 4 ( 1 . 2 3 g ， 1 0 0 % ) a s a c o l o u r l e s s v i s c o u s s y r u p : ' H N M R ( 3 0 0 . 
M H z ) 5 1 . 4 1 (t, J = 1 2 H z , 6 H ) , 2 . 9 3 - 2 . 9 9 ( m , 8 H ) , 3 . 7 9 (s, 3 H ) , 3 . 8 7 (s, 3 H ) , 4 . 4 0 ( q , J = 1 1 
H z , 4 H ) , 6 . 9 8 - 7 . 1 1 ( m , 5 H ) , 7 . 3 7 ( d d , J = 7 . 5 , 1.8 H z , 2 H ) , 7 . 6 8 ( d d , J = 7 . 8 , 1.8 H z , 2 H ) ; " c 
N M R ( 7 5 M H z ) 5 1 4 . 2 8 , 3 1 . 2 3 , 6 1 . 0 3， 6 1 . 3 2 , 6 2 . 3 7 , 1 2 3 . 5 7 , 1 2 4 . 1 7 ， 1 2 4 . 9 3 ， 1 2 8 . 3 2 , 1 2 9 . 5 2 , 
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1 3 4 . 2 3 ， 1 3 4 . 9 1 ， 1 3 6 . 6 0 ， 1 5 6 . 7 3 , 1 5 8 . 2 9 , 1 6 6 . 5 1 ; M S m / z ( % ) 5 2 0 ( M + ， 3 ) ， 4 7 4 ( 2 3 ) ， 2 8 1 ( 6 8 ) ， 
1 6 5 ( 3 6 ) , 1 3 5 ( 1 0 0 ) , 9 1 ( 4 5 ) ; H R F A B M S c a l c d for C 3 1 H 3 6 O 7 + ( M + ) 5 2 0 . 2 4 6 1 , f o u n d 
5 2 0 . 2 4 9 9 . 
2,6-Bis [2-(3-hydroxymethyl-2-methoxyphenyl)ethyl] anisole ( 2 5 ) . T o a s o l u t i o n o f t h e 
diester 2 4 ( 1 . 0 0 g , 1.9 m m o l ) in d r y T H F ( 4 0 m L ) k e p t u n d e r N 2 at 0。C w a s a d d e d l i t h i u m 
a l u m i n i u m h y d r i d e ( 0 . 5 9 g， 1 5 . 5 m m o l ) . A f t e r stirring for 1 h at r o o m t e m p e r a t u r e , e x c e s s 
L A H w a s d e c o m p o s e d b y c a u t i o u s a d d i t i o n o f E t O A c ( 1 5 m L ) w i t h ice b a t h c o o l i n g , 
f o l l o w e d b y t h e a d d i t i o n , w i t h v i g o r o u s stirring, o f a p p r o p r i a t e v o l u m e o f H 2 O to r e n d e r t h e 
m i x t u r e c o n v e n i e n t f o r w o r k u p . E x t r a c t i o n o f t h e a q u e o u s m i x t u r e w i t h E t O A c ( 4 x 1 0 0 m L ) , 
w a s h i n g o f t h e c o m b i n e e x t r a c t s w i t h H 2 O ( 4 0 m L ) a n d b r i n e ( 5 0 m L ) , d r y i n g o v e r MgSO4, 
a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e a c r u d e p r o d u c t a s a w h i t e solid. R e c r y s t a l i z a t i o n o f t h e 
c r u d e m a t e r i a l f r o m h e x a n e - E t O A c (2 : 3’ v / v ) a f f o r d e d p u r e 2 5 ( 0 . 8 2 g , 9 7 % ) a s w h i t e 
> 
n e e d l e s : m p 1 1 8 . 3 - 1 1 9 . 8 °C; > H N M R ( 3 0 0 M H z ) 6 2 . 1 1 ( b r s, 2 H ) , 2 . 9 7 (s, 8 H ) , 3 . 8 0 (s, 
3 H ) , 3 . 8 4 (s, 6 H ) , 4 . 7 6 (s, 4 H ) , 7 . 0 1 - 7 . 1 4 ( m , 5 H ) , 7 . 2 2 - 7 . 2 6 ( m , 4 H ) ; " c N M R ( 7 5 M H z ) 5 
“ 
30.97，31.27，61.27, 61.53，61.63, 124.17，124.45，127.15, 128.20，130.01，133.96, 135.02, 
1 3 5 . 2 3， 1 5 6 . 4 4 ; M S m / z ( % ) 4 3 6 ( M +， 1 ) ， 4 1 8 ( 1 0 0 ) , 4 0 1 ( 2 3 ) ， 2 8 3 ( 1 8 ) ， 2 6 9 ( 1 7 ) , 1 6 3 ( 3 8 ) ， 
1 4 9 ( 4 1 ) ， 1 3 5 ( 4 2 ) . A n a l . C a l c d f o r C27H32O5： C , 7 4 . 2 9 ; H , 7 . 3 9 . F o u n d : C， 7 3 . 8 0 ; H , 7 . 3 6 . 
• 
2,6-Bis[2-(3-bromomethyl-2-methoxyphenyl)ethyl]anisole ( 2 6 ) . T o a s u s p e n s i o n o f diol 
2 5 ( 0 . 6 9 g , 1.6 m m o l ) in d r y b e n z e n e ( 3 0 mL)-CH3CN ( 1 0 m L ) at 0 。 C w a s a d d e d PBr3 (0.9 
m L ， 9 . 5 m m o l ) f o l l o w e d w i t h p y r i d i n e (1.5 m L ) . A f t e r h a v i n g b e e n stirred f o r 5 h at 0 °C, 
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t h e t e m p e r a t u r e w a s r a i s e d t o r o o m t e m p e r a t u r e a n d f u r t h e r stirring w a s m a i n t a i n e d f o r 7 h . 
Q u e n c h i n g w i t h ice c o l d H 2 O ( 3 0 m L ) , e x t r a c t i o n w i t h Et2O ( 4 x 4 0 m L ) , w a s h i n g o f 
c o m b i n e d e x t r a c t s w i t h H 2 O ( 3 0 m L ) a n d b r i n e ( 4 0 m L ) , d r y i n g o v e r MgSO4 a n d r e m o v a l o f 
s o l v e n t b y r o t a v a p o r a t i o n a f f o r d e d essentially p u r e 2 6 ( 0 . 7 5 g , 8 4 % ) a s a w h i t e solid. A n 
a n a l y t i c a l s a m p l e w a s o b t a i n e d b y r e c r y s t a l i z a t i o n f r o m h e x a n e - E t O A c : m p 7 2 . 8 - 7 4 . 2 °C; ' H 
N M R ( 3 0 0 M H z ) 5 2 . 9 5 (s, 8 H ) , 3 . 7 8 (s, 3 H ) , 3 . 9 0 (s, 6 H ) , 4 . 6 1 (s, 4 H ) , 6 . 7 0 - 7 . 1 3 ( m , 5 H ) , 
7 . 2 0 - 7 . 2 4 ( m , 2 H ) , 7 . 2 7 ( d d , J = 7 . 5 , 1.5 H z , 2 H ) ; ''C N M R ( 7 5 M H z ) 5 2 8 . 3 9 , 3 1 . 0 4 , 3 1 . 0 7 , 
61.19，61.61, 124.14，124.49，128.16, 129.38，130.96，131.28, 134.83，135.59, 156.59; 
H R F A B M S c a l c d f o r C 2 7 H 3 0 O 3 B r 2 + ( M ) + 5 6 0 . 0 5 5 6 , f o u n d 5 6 0 . 0 5 4 1 . A n a l . C a l c d for 
C 2 7 H 3 0 O 3 B r 2 : C , 5 7 . 6 7 ; H , 5 . 3 8 . F o u n d : C , 5 7 . 7 1 ; H , 5 . 3 6 . 
9,17,26,34-Tetramethoxy-2,19-dithia[3.2.3.2]metacyclophane ( 2 7 ) . A s o l u t i o n o f N a O H 
( 0 . 1 6 g , 4 . 1 m m o l ) in E t O H ( 1 5 0 0 m L ) w a s c h i l l e d in a n i c e - b a t h . T o this c h i l l e d s o l u t i o n left 
at r o o m t e m p e r a t u r e u n d e r N 2 w e r e a d d e d d r o p w i s e a n d s i m u l t a n e o u s l y o v e r 9 h t h r o u g h t w o 
H e r s h b e r g f u n n e l s , a s o l u t i o n o f dithiol 2 0 ( 0 . 6 8 g， 2 . 0 m m o l ) in d r y b e n z e n e ( 1 8 0 m L ) a n d a 
“ 
s o l u t i o n o f d i b r o m i d e 1 9 ( 0 . 8 7 g， 2 . 0 m m o l ) in d r y b e n z e n e ( 1 8 0 m L ) T h e a d d i t i o n s b e i n g 
c o n t r o l l e d at t h e s a m e rate a s far a s p o s s i b l e . T h e r e a c t i o n m i x t u r e w a s stirred f o r a f u r t h e r 1 5 
h at r o o m t e m p e r a t u r e , a n d m o s t o f t h e s o l v e n t w a s r e m o v e d b y r o t a v a p o r a t i o n . T o t h e 
r e s i d u e w a s a d d e d H 2 O ( 8 0 m L ) , a n d t h e r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h 
C H 2 C l 2 ( 4 X 1 2 0 m L ) . W a s h i n g o f t h e c o m b i n e d e x t r a c t s w i t h H 2 O ( 8 0 m L ) a n d b r i n e ( 8 0 . 
m L ) , d r y i n g o v e r N a 2 S O 4 , a n d r o t a v a p o r a t i o n o f s o l v e n t a f f o r d e d a c r u d e p r o d u c t w h i c h w a s 
r e c r y s t a l i z e d f r o m h e x a n e - C H 2 C l 2 to g i v e p u r e 2 7 ( 0 . 6 0 g , 4 9 % ) a s c o l o u r l e s s c u b i c crystal: 
m p 2 2 0 . 8 - 2 2 1 . 6 。 C ; ^ H N M R ( 3 0 0 M H z ) 6 2 . 9 5 (s, 8 H ) , 3 . 4 5 (s, 1 2 H ) , 3 . 4 6 (s, 8 H ) , 6 . 9 3 
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(t, / = 7 . 5 H z , 4 H ) , 7 . 0 2 ( d d , 7 = 7 . 5 , 1.5 H z , 4 H ) , 7 . 0 9 ( d d , J = 7 . 5 , 1.8 H z , 4 H ) ; '^C N M R ( 7 5 
M H z ) 5 2 8 . 8 8， 2 9 . 9 8， 6 1 . 3 1， 1 2 3 . 8 2， 1 2 8 . 7 0 , 1 2 8 . 9 3 , 1 3 1 . 6 0， 1 3 4 . 2 9， 1 5 7 . 0 4 ; E I - M S m / z 
(o/o) 6 0 0 ( M + ， 8 3 ) ， 5 3 5 ( 1 0 0 ) ， 5 2 1 ( 6 6 ) ， 3 3 1 ( 2 6 ) ， 3 0 1 ( 3 3 ) ， 2 6 7 ( 7 5 ) ， 2 3 7 ( 7 5 ) ， 1 4 9 ( 6 0 ) ， 1 3 5 
( 7 3 ) , 1 2 1 ( 3 0 ) . A n a l . C a l c d f o r C 3 6 H 4 0 O 4 S 2： C , 7 1 . 9 7 ; H , 6 . 7 1 . F o u n d : C , 7 1 . 9 6 ; H , 6 . 6 5 . 
9,17,26,34-Tetramethoxy-2,2,19,19-tetraoxo-2,19-dithia[3.2.3.2]-metacyclophane (28). 
T o a s u s p e n s i o n o f d i t h i a c y c l o p h a n e 27 ( 0 . 3 0 g , 0 . 5 0 m m o l ) in CH3CO2H ( 2 0 m L ) w a s a d d e d 
3 5 % H2O2 ( 0 . 3 0 m L , 3 . 0 m m o l in H2O2) a n d t h e resulting m i x t u r e w a s stirred f o r 0.5 h at 
r o o m t e m p e r a t u r e a n d at 9 0 °C for 1 h . A f t e r t h e r e a c t i o n m i x t u r e h a v i n g b e e n c o o l e d d o w n 
to r o o m t e m p e r a t u r e , H 2 O ( 4 0 m L ) w a s a d d e d a n d t h e precipitate c o l l e c t e d b y s u c t i o n 
filtration. A f t e r liberally w a s h i n g w i t h H 2 O a n d E t O H , a w h i t e p o w d e r 2 8 ( 0 . 3 0 g , 8 9 % ) w a s 
o b t a i n e d , w h i c h c o u l d n o t b e p u r i f i e d f u r t h e r o w i n g to its e x t r e m e l y l o w solubility in all 
s o l v e n t s t e s t e d i n c l u d i n g h e x a n e , E t O A c , CH2Cl2, CHCl3, a c e t o n e a n d D M S O . B e c a u s e o f 
this insolubility, a N M R s p e c t r u m o f this s u b s t a n c e c o u l d n o t b e r e c o r d e d ; o n a t t e m p t e d 
“ 
m e l t i n g p o i n t d e t e r m i n a t i o n , it s l o w l y d e c o m p o s e d w i t h o u t m e l t i n g at 3 0 8 . 2 - 3 3 8 . 1 °C . A s a 
result, t h e c r u d e p r o d u c t 2 8 w a s u s e d directly in t h e n e x t step. 
8,16,24,32-Tetramethoxy-[2.2.2.2]metacyclophane-l,17-diene ( 2 9 ) . T o a r a p i d l y stirred 
s u s p e n s i o n o f b i s s u l f o n e 28 ( 0 . 2 6 g , 0 . 4 m m o l ) in 1 : 1 ' B u O H - CH2Cl2 ( 2 0 m L ) k e p t at 0 °C 
w a s a d d e d t h e KOH / A l 2 O 3 catalyst (6.3 g ) f o l l o w e d b y C B r 2 F 2 (3 m L ) . A f t e r h a v i n g b e e n 
stirrred f o r 4 h , a f r e s h p o r t i o n e a c h o f t h e KOH / A l 2 O 3 catalyst (1.0 g ) a n d C B r 2 F 2 (2.5 m L ) 
w e r e a d d e d a n d t h e a d d i t i o n p r o c e s s w a s s u s e q u e n t l y r e p e a t e d w i t h 3 t i m e s at 1 2 - h intervals. 
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T h e r e a c t i o n p r o g r e s s w a s m o n i t o r e d b y T L C plates. A t t h e e n d o f r e a c t i o n , t h e resulting 
m i x t u r e w a s filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s filtering f u n n e l u n d e r s u c t i o n 
a n d w a s h e d w i t h CH2Cl2 ( 8 0 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n left a w h i t e solid 
w h i c h w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 4 5 g ) p a c k e d in a 0 1 5 m m x 5 0 0 m m 
l o n g c o l u m n , e l u t i o n w i t h h e x a n e - E t O A c - C H 2 C l 2 ( 5 0 : 1 : 3， v / v / v ) a f f o r d e d essentially p u r e 
2 9 ( 7 0 . 8 m g , 3 5 % ) w h i c h w a s f u r t h e r p u r i f i e d b y recrystalization f r o m h e x a n e - E t O A c to g i v e 
a n a l y t i c a l p u r e 2 9 a s w h i t e n e e d l e s : m p 3 0 5 . 9 - 3 0 6 . 2。 C dec.; I R ( K B r ) u / c m ] 2 9 1 9 , 2 8 5 1， 
2 8 1 8 , 1 4 5 4 , 1 4 1 4 , 1 2 4 6 , 1 1 9 3 ， 1 1 5 9 , 1 0 6 5 , 1 0 1 1 ， 7 6 3 ; ! H N M R ( 3 0 0 M H z ) 6 2 . 8 7 (br s, 
8 H ) , 3 . 1 2 ( b r s ， 1 2 H ) , 6 . 7 8 (s, 4 H ) , 7 . 0 0 (t, > 7 . 5 H z , 4 H ) , 7 . 1 7 ( d , J = 6 H z , 4 H ) , 7 . 2 5 - 7 . 3 1 
( m , 6 H ) ; 。 C N M R ( 7 5 M H z ) 5 3 2 . 7 6 , 6 1 . 0 2 , 1 2 3 . 7 9’ 1 2 5 . 4 1 , 1 3 0 . 4 3 ， 1 3 1 . 2 7 ， 1 3 4 . 3 9 , 
1 5 6 . 7 8 ; H R F A B M S c a l c d f o r C 3 6 H 3 6 O 4 + ( M + ) 5 3 2 . 2 6 0 8 , f o u n d 5 3 2 . 2 6 0 3 . 
8,16,24,32-Tetramethoxy[2^]metacyclophane (30). A s u s p e n s i o n o f c y c l o p h a n e d i e n e 29 
( 4 8 . 4 m g , 0 . 0 9 1 m m o l ) a n d 1 0 % P d - C catalyst (5 m g ) in E t O A c ( 1 0 m L ) w a s h y d r o g e n a t e d 
at r o o m t e m p e r a t u r e u n d e r o n e a t m o s p h e r i c p r e s s u r e o f H 2 f o r 8 h . T h e r e a c t i o n m i x t u r e w a s 
1/ 
filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s ftinnel u n d e r s u c t i o n a n d w a s h e d w i t h 
E t O A c ( 2 5 m L ) . R e m o v a l o f s o l v e n t a f f o r d e d a c r u d e s u b s t a n c e w h i c h w a s 
f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 1 0 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 ( 3 0 : 1 : 5 , v / v / v ) 
a s e l u e n t to g i v e essentially p u r e 3 0 ( 4 8 . 7 m g , 1 0 0 % ) a s w h i t e solid: m p 1 5 1 . 1 - 1 5 3 . 3 °C (lit.‘ 
m p 1 5 3 - 1 5 5 。 C ) ； ' H N M R ( 3 0 0 M H z ) 5 2 . 9 6 (s, 1 6 H ) , 3 . 1 5 (s, 1 2 H ) , 6 . 7 5 - 6 . 8 3 ( m , 1 2 H ) ; • 
" C N M R ( 7 5 M H z ) 6 2 7 . 9 5， 6 0 . 6 6 , 1 2 3 . 4 4， 1 2 7 . 1 0， 1 3 3 . 5 7， 1 5 6 . 8 9 ; E I - M S m / z ( % ) 5 3 6 
( M+ ， 1 0 0 ) , 5 0 5 (4), 4 0 1 (22 )，281 (6), 2 6 7 ( 1 0 )， 1 6 5 (9 )，135 (29), 1 0 5 (22), 9 1 (27). 
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8,16,24,32-Tetrahydroxy[2^]metacyclophane (31). T o a s o l u t i o n o f 30 (16.5 m g , 0.031 
m m o l ) in CH2Cl2 (2 m L ) at 0。 C w a s a d d e d a s o l u t i o n o f 1 M BBr3 i n CH2Cl2 ( 0 . 7 m L , 0 . 6 9 
m m o l ) . A f t e r t h e r e a c t i o n m i x t u r e h a d b e e n stirred f o r 2 4 h at r o o m t e m p e r a t u r e , to w h i c h 
w a s a d d e d i c e w a t e r ( 5 m L ) . T h e r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h CH2Cl2 (3 
X 2 5 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 3 0 m L ) a n d b r i n e ( 1 5 m L ) , d r i e d 
o v e r MgSO4 a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e a c r u d e p r o d u c t w h i c h w a s p u r i f i e d b y 
r e c r y s t a l i z a t i o n f r o m M e O H to a f f o r d p u r e 3 1 ( 1 2 . 7 m g , 8 6 % ) a s a w h i t e s o l i d : m p 2 8 8 °C 
d e c . (lit. 9 m p 2 9 0 。 C d e c ) ； ' H N M R ( 3 0 0 M H z ) 6 2 . 9 5 ( b r s, 1 6 H ) , 6 . 8 6 (t, J = 1 . 5 H z , 4 H ) , 
7 . 1 1 ( d , 7 = 7 . 5 H z , 8 H ) , 1 0 . 5 0 (s, 4 H ) ; ' ^ C N M R ( 7 5 M H z ) 5 3 1 . 5 3 , 3 2 . 2 5 , 1 2 0 . 4 0， 1 2 7 . 4 2 , 
1 2 8 . 3 8 , 1 5 2 . 2 5 ; H R E I M S c a l c d f o r C32H32O4+ ( M + ) 4 8 0 . 2 3 0 0 6 , f o u n d 4 8 0 . 2 2 9 7 3 . 
9,17,26,34,42-Pentamethoxy-2,19-dithia[3.2.3.2.2]metacyclophane ( 3 2 ) . A s o l u t i o n o f 
N a O H ( 0 . 1 3 g , 3 . 2 m m o l in N a O H ) in a b s o l u t e E t O H ( 1 2 5 0 m L ) w a s c h i l l e d i n a n i c e - b a t h . 
T o this c h i l l e d s o l u t i o n left at r o o m t e m p e r a t u r e u n d e r N 2 w e r e a d d e d d r o p w i s e a n d 
s i m u l t a n e o u s l y o v e r 1 4 h t h r o u g h t w o H e r s h b e r g f u n n e l s , a s o l u t i o n o f d i t h i o l 2 0 ( 0 . 4 3 g , 1.3 
n 
m m o l ) i n d r y b e n z e n e ( 7 5 m L ) a n d a s o l u t i o n o f d i b r o m i d e 2 6 ( 0 . 7 1 g , 1.3 m m o l ) in d r y 
b e n z e n e ( 7 5 m L ) , t h e a d d i t i o n b e i n g c o n t r o l l e d at t h e s a m e rate a s far a s p o s s i b l e . A f t e r t h e 
r e a c t i o n m i x t u r e h a d b e e n stirred f o r a f u r t h e r 2 h at r o o m t e m p e r a t u r e , m o s t o f t h e s o l v e n t 
w a s r e m o v e d b y r o t a v a p o r a t i o n a n d to t h e r e s i d u e w a s a d d e d H 2 O ( 1 5 0 m L ) . T h e a q u e o u s 
s u s p e n s i o n w a s e x t r a c t e d w i t h CH2Cl2 ( 4 x 1 5 0 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d . 
w i t h H 2 O ( 1 0 0 m L ) a n d b r i n e ( 8 0 m L ) , d r i e d o v e r Na2SO4, a n d r o t a v a p o r a t e d to l e a v e a 
slightly y e l l o w g l a s s y s o l i d w h i c h w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 4 0 g ) u s i n g 
h e x a n e - E t O A c - C H 2 C l 2 ( 3 0 : 1 : 3， v / v / v ) a s e l u e n t to a f f o r d p u r e 3 2 ( 0 . 5 3 g , 5 7 % ) a s a w h i t e 
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solid. A n a n a l y t i c a l s a m p l e w a s p r e p a r e d b y recrystalization f r o m h e x a n e - E t O A c s o l v e n t 
m i x t u r e : m p 5 9 . 8 - 6 1 . 2。 C ; ' U N M R ( 3 0 0 M H z ) 6 2 . 8 7， 2 . 8 9 ( 2 s , 1 2 H ) , 3 . 4 9 (s, 6 H ) , 3 . 5 5 (s, 
3 H ) , 3 . 6 0 (s, 6 H ) , 3 . 7 5 (s, 8 H ) , 6 . 9 5 - 7 . 0 8 ( m , 9 H ) , 7 . 1 3 ( d , J = 1 . 8 H z , l H ) , 7 . 1 6 ( d , J = 1 . 8 H z , 
l H ) , 7 . 1 9 - 7 . 2 4 ( m , 4 H ) ; ^^C N M R ( 7 5 M H z ) 5 3 0 . 0 9 , 3 0 . 4 0 , 3 0 . 9 1 , 3 1 . 0 2 , 3 1 . 0 9 , 6 0 . 9 0 , 
61.12，61.28, 123.87，124.01, 127.81，128.79，128.89，129.10，131.32, 131.49，134.90， 
1 3 5 . 1 1 , 1 3 5 . 2 3 , 1 5 6 . 6 2 ， 1 5 6 . 8 2 ; F A B - M S m / z ( % ) 7 3 5 ( M . ， 5 2 ) , 6 5 3 ( 5 ) ， 5 9 3 ( 8 0 ) , 5 7 7 ( 2 6 ) ， 
4 6 5 ( 2 1 ) , 4 3 3 ( 5 0 ) , 4 0 1 ( 8 4 ) ， 2 6 7 ( 4 8 ) , 1 5 4 ( 8 2 ) ， 1 3 5 ( 1 0 0 ) , 1 2 1 ( 6 4 ) . A n a l . C a l c d for 
C 4 5 H 5 0 O 5 S 2： C , 7 3 . 5 4 ; H , 6 . 8 6 . F o u n d : C , 7 3 . 6 0 ; H， 6 . 9 1 . 
947,26,34,42-Pentamethoxy-2,249,19-tetraoxo-2,19-dithia[3.2.3.2.2]-metacyclophane 
( 3 3 ) . T o a s u s p e n s i o n o f d i t h i a c y c l o p h a n e 3 2 ( 0 . 4 2 g， 0 . 5 8 m m o l ) in C H 3 C O 2 H ( 5 0 m L ) w a s 
a d d e d 3 5 % H 2 O 2 ( 0 . 3 4 m L , 3 . 5 m m o l in H 2 O 2 ) a n d t h e r e s u l t i n g m i x t u r e w a s stirred for 1 h 
at r o o m t e m p e r a t u r e a n d at 7 5 °C for 1.5 h . A f t e r h a v i n g b e e n c o o l e d to r o o m t e m p e r a t u r e , 
H 2 O ( 3 0 m L ) w a s a d d e d to t h e r e a c t i o n m i x t u r e a n d t h e t u r b i d a q u e o u s m i x t u r e w a s e x t r a c t e d 
w i t h C H 2 C l 2 (3 X 1 1 0 m L ) . T h e c o m b i n e d o r g a n i c s o l u t i o n w a s w a s h e d w i t h H 2 O ( 6 x 8 0 m L ) 
II 
to r e m o v e all t h e a c e t i c a c i d a n d b r i n e ( 5 0 m L ) . A f t e r d r y i n g o v e r Na2SO4, t h e s o l v e n t w a s 
r e m o v e d b y r o t a v a p o r a t i o n to y i e l d a w h i t e g l a s s y solid w h i c h w a s r e c r y s t a l i z e d from 
E t O A c - C H 2 C l 2 t o p r o v i d e p u r e 3 3 ( 0 . 4 1 g , 8 9 % ) a s a w h i t e solid: m p 2 9 6 . 5 - 2 9 8 . 2 。 C d e c .； 
' H N M R ( 3 0 0 M H z ) 5 2 . 9 0 , 2 . 9 3 - 2 . 9 9 ( o n e s o v e r l a p p i n g w i t h o n e b r m , 1 2 H ) , 3 . 4 7 (s, 
6 H ) , 3 . 5 5 (s, 3 H ) , 3 . 6 0 (s, 6 H ) , 4 . 2 8 (s, 4 H ) , 4 . 3 6 (s, 4 H ) , 6 . 9 2 - 7 . 1 1 ( m , 7 H ) , 7 . 2 1 - 7 . 2 9 ( m , . 
4 H ) , 7 . 3 9 (td, / = 7 . 2， 1 . 5 H z , 4 H ) ; ''C N M R ( 7 5 M H z ) 5 3 0 . 3 4， 3 0 . 4 8’ 5 1 . 5 5 , 5 3 . 7 8， 6 0 . 7 8 , 
61.64，121.11，121.81, 123.95, 124.48，124.70, 127.45, 130.26, 130.48’ 130.69, 131.29, 
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1 3 4 . 4 3 , 1 3 5 . 1 6 , 1 3 5 . 6 0， 1 5 6 . 7 4， 1 5 7 . 0 4 , 1 5 7 . 3 4 ; H R F A B M S c a l c d f o r C 4 5 H 5 1 O 9 S 2 + ( M + 1)+ 
7 9 9 . 2 9 2 6 , f o u n d 7 9 9 . 2 9 5 1 . 
8,16,24,32,40-Pentamethoxy-[2.2.2.2.2]metacyclophane-l,17-diene ( 3 4 ) . T o a r a p i d l y 
stirred s u s p e n s i o n o f b i s s u l f o n e 33 ( 0 . 2 9 g , 0 . 3 7 m m o l ) in CH2Cl2 ( 4 0 m L ) k e p t at 0 °C w a s 
a d d e d t h e KOH / A l 2 O 3 catalyst (7.5 g ) f o l l o w e d b y C B r 2 F 2 (1.5 m L ) . A f t e r h a v i n g b e e n stirred 
f o r 1.5 h at r o o m t e m p e r a t u r e , t h e r e a c t i o n m i x t u r e w a s filtered t h r o u g h a p a d o f Celite in a 
s i n t e r e d g l a s s filtering f u n n e l u n d e r s u c t i o n a n d w a s h e d w i t h CH2Cl2 ( 1 8 0 m L ) . R e m o v a l o f 
s o l v e n t b y r o t a v a p o r a t i o n g a v e a slightly y e l l o w s y r u p w h i c h w a s flash-chromatographed 
o v e r silica g e l ( 1 2 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 ( 2 0 : 1 : 2， v / v / v ) to a f f o r d p u r e 3 4 ( 0 . 2 0 g , 
8 1 % ) a s a w h i t e solid. A n a n a l y t i c a l s a m p l e w a s p r e p a r e d b y r e c r y s t a l i z a t i o n from E t O A c : 
m p 1 7 5 . 1 - 1 7 7 . 0 °C; I R ( K B r ) u / c m " ' 3 0 6 0 , 2 9 2 9 , 2 8 5 1 , 2 8 3 1 , 2 3 4 7 , 1 4 6 3 , 1 4 5 6 , 1 4 2 3， 1 4 1 8， 
1 2 5 0 , 1 0 7 4 ， 1 0 0 8 ， 7 5 9 ， 6 6 2 , 4 2 0 ; ! H N M R ( 3 0 0 M H z ) 5 2 . 9 1 - 3 . 0 0， 3 . 0 0 ( o n e m 
o v e r l a p p i n g w i t h o n e s, 1 2 H ) , 3 . 1 3 (s, 6 H ) , 3 . 3 2 (s, 6 H ) , 3 . 5 9 (s, 3 H ) , 6 . 7 5 - 6 . 8 7 ( m , 3 H ) , 
6 . 9 2 - 7 . 1 5 ( m , 1 2 H ) , 7 . 2 6 ( d d , J = 7 . 5 , 1.5 H z , 2 H ) , 7 . 3 5 ( d d , J = 7 . 5， 0 . 9 H z , 2 H ) ; '^C N M R 
II 
( 7 5 M H z ) 5 2 9 . 0 8， 3 0 . 2 0 , 3 1 . 4 2’ 6 0 . 8 2 , 6 0 . 9 5， 6 1 . 3 3， 1 2 3 . 3 8 , 1 2 3 . 5 9 , 1 2 3 . 6 7， 1 2 4 . 1 3 , 
125.07，125.14，125.40，128.18，129.16，130.27，130.78，130.87，134.27, 134.67, 134.76， 
1 5 6 . 6 6 , 1 5 6 . 8 9， 1 5 7 . 0 3 ; H R F A B M S c a l c d C 4 5 H 4 6 O 5 " ( M ) + 6 6 6 . 3 3 4 0 , f o u n d 6 6 6 . 3 3 2 0 . A n a l . 
C a l c d f o r C 4 5 H 4 6 O 5： C , 8 1 . 0 5 ; H , 6 . 9 5 . F o u n d : C , 8 0 . 7 4 ; H , 7 . 3 5 . . 
I 
8,16,24,32,40-Pentamethoxy[2j]metacyclophane ( 3 5 ) . A s u s p e n s i o n o f c y c l o p h a n e d i e n e 
3 4 ( 0 . 1 4 g , 0 . 2 2 m m o l ) a n d 1 0 % P d - C c a t a l y s t ( 1 5 m g ) in E t O A c ( 2 0 m L ) w a s h y d r o g e n a t e d 
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at r o o m t e m p e r a t u r e u n d e r o n e a t m o s p h e r e p r e s s u r e 0fH2 f o r 1 0 h . T h e r e a c t i o n m i x t u r e w a s 
filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s f u n n e l u n d e r s u c t i o n a n d w a s h e d w i t h 
E t O A c ( 3 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n a f f o r d e d a w h i t e g l a s s y solid w h i c h 
w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 1 0 g ) u s i n g h e x a n e - E t O A c ( 1 5 : 1， v / v ) a s e l u e n t 
to g i v e a n essentially p u r e p r o d u c t w h i c h w a s further p u r i f i e d b y recrystalization f r o m 
h e x a n e - E t O A c to p r o v i d e p u r e 3 5 ( 0 . 1 3 g ， 9 1 % ) a s w h i t e p r i s m s : m p 1 4 8 . 8 - 1 4 9 . 2。 C (lit.、 
m p 1 4 8 - 1 5 0 。 C ) ； i H N M R ( 3 0 0 M H z ) 6 2 . 8 9 (s, 2 0 H ) , 3 . 4 7 (s, 1 5 H ) , 6 . 8 0 - 6 . 9 0 ( m , 1 5 H ) ; 
i3C N M R ( 7 5 M H z ) 5 3 0 . 4 5， 6 0 . 8 9， 1 2 3 . 4 5， 1 2 8 . 0 5 , 1 3 4 . 5 9’ 1 5 7 . 0 3 ; E I - M S m / z ( % ) 6 7 1 
( M+ ， 8 6 ) , 6 5 7 ( 3 )， 5 3 5 (8 )，401 (20), 2 7 9 (13), 2 6 7 (18), 2 3 7 ( 2 4 ) ， 1 9 1 (20), 1 7 8 (26), 1 3 5 
(100)，105(74),91 (83). 
8,16,24,32,40-Pentahydroxy[25]metacyclophane ( 3 6 ) . T o a s o l u t i o n o f 3 5 ( 1 7 . 1 m g , 0 . 0 2 5 
m m o l ) in CH2Cl2 (2 m L ) at 0°C w a s a d d e d a s o l u t i o n o f 1 M BBr3 in CH2Cl2 (0.5 m L , 0 . 5 1 
m m o l ) . A f t e r t h e r e a c t i o n m i x t u r e h a d b e e n stirred for 2 6 h at r o o m t e m p e r a t u r e , to w h i c h 
w a s a d d e d ice w a t e r (3 m L ) . T h e r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h C H 2 C l 2 (3 
“ 
X 2 0 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 2 5 m L ) a n d b r i n e ( 1 5 m L ) , d r i e d 
o v e r M g S O 4 a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e a c r u d e p r o d u c t w h i c h w a s p u r i f i e d b y 
r e c r y s t a l i z a t i o n f r o m C H 2 C l 2 - M e O H to a f f o r d p u r e 3 6 ( 1 3 . 4 m g , 8 9 % ) a s a w h i t e crystal : 
m p 2 5 1 . 7 - 2 5 3 . 3 °C d e c . {litJ' m p 2 5 1 - 2 5 3 。 C ) ； ' H N M R ( 3 0 0 M H z ) 5 2 . 9 3 (s, 2 0 H ) , 6 . 8 9 
(t, J = 1 2 H z , 5 H ) , 7 . 1 2 ( d , J = 7 . 5 H z , l O H ) , 7 . 2 3 (s, 5 H ) ; '^C N M R ( 7 5 M H z ) 5 2 9 . 7 0 , 3 2 . 5 4 , . 
1 2 0 . 7 9 , 1 2 7 . 5 5 , 1 2 8 . 3 9， 1 5 2 . 0 7 ; E I - M S m / z ( % ) 6 0 1 [ ( M + 1), 5 0 ]， 6 0 0 ( M + ， 1 0 0 ) , 4 7 9 ( 1 7 ) , 
359 (28), 253 (10), 239 (18)，211 (7), 169 (8)，135 (30), 121 (44)，91 (39), 57 (56). 
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9,17,25,34,42,50-Hexamethoxy-2,27-dithia[3.2.2.3.2.2]metacyclophane ( 3 7 ) . A s o l u t i o n 
o f c o m m e r c i a l N a 2 S • nH2O ( 0 . 8 3 0 g , 6 . 4 m m o l in N a 2 S ) in a b s o l u t e E t O H ( 1 0 0 0 m L ) w a s 
first chilled in a n i c e - b a t h a n d t h e n left at r o o m t e m p e r a t u r e f o r r e a c t i o n . T o this initially 
chilled s o l u t i o n w a s a d d e d d r o p w i s e o v e r 2 0 h , a s o l u t i o n o f d i b r o m i d e 2 6 ( 0 . 8 9 4 g , 1.6 
m m o l ) in a b s o l u t e E t O H ( 9 0 m L ) . U p o n c o m p l e t e a d d i t i o n , t h e r e a c t i o n m i x t u r e w a s stirred 
at r o o m t e m p e r a t u r e f o r a f u r t h e r 2 h . R e m o v a l o f m o s t s o l v e n t b y r o t a v a p o r a t i o n left a w h i t e 
slurry to w h i c h w a s a d d e d H 2 O ( 2 0 0 m L ) . E x t r a c t i o n o f t h e a q u e o u s m i x t u r e w i t h CH2Cl2 (4 
X 2 0 0 m L ) , w a s h i n g o f t h e c o m b i n e d extracts w i t h H 2 O ( 2 5 0 m L ) a n d b r i n e ( 2 0 0 m L ) , d r y i n g 
o v e r MgSO4 a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e a p a l e y e l l o w t u r b i d s y r u p w h i c h w a s 
f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 2 8 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 ( 2 5 : 1 : 4， v / v / v ) 
a s e l u e n t to a f f o r d p u r e 3 7 ( 0 . 2 0 7 g , 3 0 % ) a s w h i t e solid. A n a n a l y t i c a l s a m p l e w a s p r e p a r e d 
b y r e c r y s t a l i z a t i o n f r o m h e x a n e - E t O A c - C H 2 C l 2 : m p 1 6 8 . 2 - 1 6 9 . 6。 C ; ' H N M R ( 3 0 0 M H z ) 
5 2 . 9 0 (s, 1 6 H ) , 3 . 6 1 (s, 1 2 H )， 3 . 6 7 (s, 6 H ) , 3 . 7 6 (s, 8 H ) , 6 . 9 3 - 7 . 1 0 ( m , 1 4 H ) , 7 . 2 0 - 7 . 2 5 ( m , 
4 H ) ; i 3 c N M R ( 7 5 M H z ) 5 3 0 . 4 3 , 3 1 . 2 3， 6 1 . 0 7 , 6 1 . 4 0 ， 1 2 4 . 0 7 ， 1 2 8 . 0 7 ， 1 2 8 . 8 8 , 1 2 9 . 2 0， 
1 3 1 . 4 2 , 1 3 4 . 9 8’ 1 3 5 . 2 5 , 1 5 6 . 7 1 ; H R F A B M S c a l c d for C 5 4 H 6 i O 6 S 2 + ( M + H ) + 8 6 9 . 3 9 0 4 , f o u n d 
8 6 9 . 3 8 8 9 . A n a l . C a l c d for C 5 4 H 6 0 O 6 S 2： C , 7 4 . 6 2 ; H , 6 . 9 6 . F o u n d : C , 7 4 . 6 9 ; H , 6 . 8 7 . 
“ 
9,17,25,34,42,50-Hexamethoxy-2,2,27,27-tetraoxo-2,27-dithia[3.2.2.3.2.2]-
metacyclophane (39). T o a s u s p e n s i o n o f d i t h i a c y c l o p h a n e 37 (0.175 g , 0.20 m m o l ) in 
CH3CO2H ( 1 5 m L ) at 0 。 C w a s a d d e d 3 5 % H 2 O 2 ( 0 . 1 1 m L , 1.2 m m o l in H2O2) a n d t h e , 
r e s u l t i n g m i x t u r e w a s stirred f o r 1 h at r o o m t e m p e r a t u r e a n d 1.5 h at 7 5 °C. A f t e r h a v i n g 
b e e n c o o l e d to r o o m t e m p e r a t u r e , H 2 O ( 2 0 m L ) w a s a d d e d to t h e m i x t u r e to e n h a n c e 
p r e c i p i t a t i o n . E x t r a c t i o n o f t h e a q u e o u s m i x t u r e w i t h CH2Cl2 (3 x 7 5 m L ) , w a s h i n g o f t h e 
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c o m b i n e d e x t r a c t s w i t h H 2 O ( 8 x 5 0 m L ) until t h e a q u e o u s l a y e r r e a c h e d p H 7 a n d b r i n e ( 6 0 
m L ) , d r y i n g o v e r MgSO4 a n d e v a p o r a t i o n o f s o l v e n t a f f o r d e d t h e 39 ( 0 . 1 3 4 g , 7 1 % ) a s a 
w h i t e s o l i d w h i c h s h o w e d insufficiently solubility in u s u a l s o l v e n t s f o r N M R m e a s u r e m e n t . 
T h i s m a t e r i a l , m p 2 8 1 . 6 - 2 8 2 . 7 °C d e c . , w a s u s e d in t h e n e x t s t e p w i t h o u t f u r t h e r purification. 
8,16,24,32,40,48-Hexamethoxy[2.2.2.2.2.2]metacyclophane-l,25-diene ( 4 0 ) . T o a r a p i d l y 
stirred s u s p e n s i o n o f b i s s u l f o n e 3 9 ( 0 . 0 9 4 g， 0 . 1 0 m m o l ) in C H 2 C l 2 ( 1 0 m L ) k e p t at 0 °C w a s 
a d d e d t h e KOH / A l 2 O 3 c a t a l y s t ( 2 . 3 6 g ) f o l l o w e d b y C B r 2 F 2 ( 1 . 0 m L ) . A f t e r h a v i n g b e e n 
stirred f o r 1.5 h at r o o m t e m p e r a t u r e , a s e c o n d p o r t i o n o f t h e KOH / A l 2 O 3 c a t a l y s t ( 2 . 3 2 g ) 
a n d C B r 2 F 2 ( 1 . 0 m L ) w e r e a d d e d . A f t e r stirring f o r a f u r t h e r 3 . 5 h , t h e r e a c t i o n m i x t u r e w a s 
filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s filtering f u n n e l u n d e r s u c t i o n a n d w a s h e d 
w i t h C H 2 C l 2 ( 1 2 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n d e l i v e r e d a c r u d e p a l e y e l l o w 
s o l i d w h i c h w a s p u r i f i e d b y r e c r y s a t l i z a t i o n from E t O A c to a f f o r d p u r e 4 0 ( 0 . 0 7 6 g , 9 4 % ) a s 
a w h i t e solid: m p 1 4 8 . 2 - 1 5 1 . 4 。 C ; I R ( K B r ) u / c m " ^ 3 4 4 1 ， 2 9 2 0 , 2 8 5 7 , 1 6 4 5 , 1 4 6 2 , 1 4 2 5， 
1 2 4 7 , 1 2 1 0 , 1 1 6 8 ， 1 0 7 5 ， 1 0 0 9 ， 7 6 2 ； ' U N M R ( 3 0 0 M H z , C D 2 C l 2 ) 5 2 . 8 0 - 2 . 8 9 ( m , 1 6 H ) , 
“ 
3 . 5 7 (s, 6 H ) , 3 . 7 3 (s, 1 2 H ) , 6 . 9 1 - 7 . 1 5 ( m ， 1 4 H ) , 7 . 4 0 - 7 . 4 4 ( m , 8 H ) ; ' ^ C N M R ( 7 5 M H z ) 5 
31.30，31.83，60.51，61.06，123.54, 123.65，124.90，125.13, 127.93, 129.37, 130.79，134.89, 
1 3 5 . 2 0 , 1 5 6 . 5 3 , 1 5 7 . 1 3 ; H R F A B M S c a l c d f o r C 5 4 H 5 6 O 6 + ( M ) + 8 0 0 . 4 0 7 1 ， f o u n d 8 0 0 . 4 0 8 0 . 
A n a l . C a l c d f o r C 5 4 H 5 6 O 6： C， 8 0 . 9 7 ; H , 7 . 0 5 . F o u n d : C , 8 0 . 5 1 ; H , 6 . 9 7 . . 
t 
8,16,24,32,40,48-hexamethoxy[2d]metacycIophane ( 4 1 ) . A s u s p e n s i o n o f c y c l o p h a n e d i e n e 
4 0 ( 0 . 0 6 2 g , 0 . 0 7 8 m m o l ) a n d 1 0 % P d - C c a t a l y s t (5 m g ) in 7 : 3 E t O A c - C H 2 C l 2 ( 2 5 m L ) 
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w a s h y d r o g e n a t e d at r o o m t e m p e r a t u r e u n d e r o n e a t m o s p h e r e p r e s s u r e o f H i for 6 h . T h e 
r e a c t i o n m i x t u r e w a s filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s f u n n e l u n d e r s u c t i o n 
a n d w a s h e d w i t h E t O A c ( 5 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n g a v e a w h i t e solid 
w h i c h w a s r e c r y s t a l i z e d f r o m h e x a n e - E t O A c to a f f o r d p u r e 4 1 ( 0 . 0 3 9 ， 6 2 % ) a s w h i t e p r i s m s 
： m p 1 8 0 . 5 - 1 8 1 . 4 ( l i t ? m p 1 8 0 - 1 8 2 。 C ) ； ' H N M R ( 3 0 0 M H z ) 5 2 . 9 4 (s, 2 4 H ) , 3 . 8 3 (s, 
1 8 H ) , 7 . 0 2 - 7 . 0 6 ( m ， 6 H ) , 7 . 1 5 ( d , J : 1 1 H z , 1 2 H ) ; " c N M R ( 7 5 M H z ) 6 3 2 . 4 8， 6 1 . 1 3， 
1 2 4 . 0 6， 1 2 8 . 3 5， 1 3 5 . 5 9， 1 5 7 . 1 2 ; E I - M S m ! z ( % ) 8 0 6 [ ( M + l ) \ 2 4 ] , 8 0 5 ( 3 9 ) ， 6 7 0 ( 3 ) ， 5 3 5 
(5)，401 (5)，293 (6)，267 (6)，237 (16)，193 (19)，149 (29), 135 (34)，85 (35), 71 (44)，57 
(100). 
8,16,24,32,40,48-hexahydroxy[26]metacyclophane (42). T o a s o l u t i o n o f 41 ( 2 4 . 9 m g , 
0 . 0 3 1 m m o l ) in C H 2 C l 2 (5 m L ) at 0°C w a s a d d e d a s o l u t i o n o f 1 M B B r 3 in C H 2 C l 2 (0.8 m L , 
0 . 7 4 m m o l ) . A f t e r t h e r e a c t i o n m i x t u r e h a d b e e n stirred f o r 2 4 h at r o o m t e m p e r a t u r e , to 
w h i c h w a s a d d e d ice w a t e r (5 m L ) . T h e r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h 
CH2Cl2 (3 X 3 0 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 2 5 m L ) a n d b r i n e ( 1 5 
“ 
m L ) , d r i e d o v e r MgSO4 a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e e s s e n t i a l l y p u r e 4 2 a s a p a l e 
y e l l o w crystal. O w i n g 4 2 s h o w e d p o o r solubility in C H 2 C l 2 a n d C H 2 C l 2 - M e O H , n o 
r e c r y s t a l i z a t i o n w a s c a r r i e d , i n s t e a d , w h i c h w a s w a s h e d w i t h E t O A c a n d v a c u u m d r i e d to 
a f f o r d p u r e 42 ( 2 0 . 0 m g , 9 0 % ) a s w h i t e crystal : m p 2 5 5 . 0 - 2 5 7 . 3 。 C d e c . (liiJ' m p 2 5 0 - 2 5 3 
。C) ； i H N M R ( 3 0 0 M H z , [ D g J D M S O ) 5 2 . 8 2 (s, 2 4 H ) , 6 . 7 9 (t, J = 1 1 H z , 6 H ) , 7 . 1 0 ( d , . 
J = 7 . 5 H z , 1 2 H ) , 8 . 3 4 (s, 6 H ) ; '^C N M R ( 7 5 M H z ， [ D e j D M S O ) 5 3 1 . 0 9 ， 1 2 0 . 0 0 , 1 2 7 . 6 6， 
1 2 9 . 0 8， 1 5 2 . 4 2 ; F A B - M S m l z ( % ) 7 2 0 ( M +， 1 3 ) ， 6 6 4 ( 1 0 0 ) , 6 4 8 ( 8 0 ) , 6 4 7 ( 7 5 ) , 1 1 1 ( 8 7 ) ， 1 0 9 
( 9 7 ) . 
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4-Bromo-2,6-dimethylphenol ( 4 5 ) . 2 , 6 - D i m e t h y l p h e n o l ( 1 2 . 3 g , 0 . 1 0 m o l ) w a s d i s s o l v e d 
in C H 3 C O 2 H ( 2 5 m L ) a n d k e p t in a n i c e - b a t h . B r o m i n e (5.1 m L , 0 . 1 m o l ) in C H 3 C O 2 H ( 2 5 
m L ) w a s a d d e d s l o w l y o v e r 1.5 h w i t h c o n s t a n t stirring. A f t e r h a v i n g b e e n stirred for further 
0 . 5 h at r o o m t e m p e r a t u r e . A s o l u t i o n o f s o d i u m thiosulfate (1.3 g ) in H 2 O ( 1 3 0 m L ) w a s 
a d d e d , w h e r e u p o n a w h i t e precipitate w a s f o r m e d . T h i s precipitate w a s filtered t h r o u g h a 
B i l c h n e r f u n n e l a n d w a s h e d w i t h H 2 O ( 2 5 0 m L ) a n d air d r i e d . R e c r y s t a l i z a t i o n o f this 
m a t e r i a l f r o m h e x a n e ( 1 0 0 m L ) f u n i s h e d p u r e 4 5 ( 1 4 . 8 g , 7 4 % ) a s l o n g w h i t e n e e d l e s : m p 
7 7 . 5 - 7 9 . 3 °C (lit. 17 m p 7 9 . 5 。 C ) ； ' H N M R ( 3 0 0 M H z ) 5 2 . 2 1 (s, 6 H ) , 7 . 1 0 (s, 2 H ) ; '^C 
N M R ( 7 5 M H z ) 5 1 5 . 7 2’ 1 1 1 . 9 4， 1 2 5 . 1 4， 1 3 0 . 9 5 , 1 5 1 . 2 5 ; E I - M S m l z ( % ) 2 0 2 [ ( M + 1)+， 
1 0 0 ] ， 2 0 1 [ ( M ) + ， 1 5 ] , 2 0 0 ( 8 4 ) ， 1 2 1 ( 7 6 ) ， 1 0 3 ( 1 5 ) ， 9 1 ( 5 9 ) ， 7 7 ( 3 7 ) ， 6 3 ( 1 9 ) , 5 1 ( 1 4 ) . 
4-Bromo-2,6-dimethylanisole ( 4 6 ) . T o a s o l u t i o n o f t h e s u b s t i t u t e d p h e n o l 4 5 ( 6 . 7 0 g , 0 . 0 3 3 
m o l ) a n d K O H ( 3 . 3 8 g , 0 . 0 6 m o l ) in H 2 O ( 5 0 m L ) w a s a d d e d Me2SO4 ( 4 . 7 8 m L , 0 . 0 5 0 m o l ) 
at r o o m t e m p e r a t u r e o v e r a n 1 h . T h e r e s u l t i n g m i x t u r e w a s h e a t e d at 8 0 °C for 5 h , a n d after 
c o o l i n g in a n i c e - b a t h w a s q u e n c h e d w i t h a q u e o u s K O H until t h e p H r e a c h e d 1 1 . E x t r a c t i o n 
•I 
o f t h e a q u e o u s m i x t u r e w i t h E t 2 O (3 x 1 2 0 m L ) , w a s h i n g o f t h e c o m b i n e d e x t r a c t s w i t h H 2 O 
( 1 0 0 m L ) a n d b r i n e ( 8 0 m L ) , d r y i n g o v e r M g S O 4 a n d r o t a v a p o r a t i o n o f s o l v e n t left a slightly 
y e l l o w s y r u p w h i c h w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 5 0 g ) u s i n g h e x a n e - E t O A c 
( 1 0 : 1， v / v ) a s e l u e n t to p r o v i d e p u r e 4 6 '^ ( 4 . 8 3 g ， 6 8 % ) a s a c l e a r s y r u p : ' H N M R ( 3 0 0 
M H z ) 5 2 . 2 4 (s, 6 H ) , 3 . 6 8 (s, 3 H ) , 7 . 1 3 (s, 2 H ) ; " c N M R ( 7 5 M H z ) 6 1 5 . 8 5 , 5 9 . 6 4 , . 
1 1 6 . 2 3 , 1 3 1 . 3 2， 1 3 3 . 0 0， 1 5 6 . 0 4 ; E I - M S m / z ( % ) 2 1 6 [ ( M + 1 ) +， 1 0 0 ] , 2 1 5 ( M + , 2 2 ) , 2 1 4 [ ( M -
l)+，70]，202 (30), 2 0 1 (38)，199 (31)，121 (23), 9 1 (34). 
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4-Bromo-2,6-dibromomethylanisole (47). A ^ - b r o m o s u c c i n i m i d e ( 7 . 7 4 g , 0 . 0 4 4 m o l ) w a s 
a d d e d to a s o l u t i o n o f t h e s u b s t i t u t e d a n i s o l e 4 6 ( 4 . 6 6 g， 0 . 0 2 2 m o l ) in d r y C C U ( 7 0 
m L ) at r o o m t e m p e r a t u r e a n d t h e resulting m i x t u r e w a s f r e e z e - d r y t h o r o u g l y p u r g e d w i t h N 2 
b y c y c l e in a v a c u u m line. W h i l e m a i n t a i n i n g u n d e r a N z a t m o s p h e r e , t h e d e g a s e d r e a c t i o n 
m i x t u r e w a s irritated b y a 4 5 0 W s u n l a m p for 1 h in ice b a t h . A f t e r t h e r e a c t i o n m i x t u r e w a s 
w a r m e d to r o o m t e m p e r a t u r e , t h e s u c c i m i d e w h i c h h a d b e e n f o r m e d w a s filtered a n d w a s h e d 
w i t h f r e s h CCl4 a n d t h e filtrate w a s e x t r a c t e d w i t h s a t u r a t e d a q u e o u s N a 2 S 2 O 7 (6 x 7 5 m L ) , 
a n d w i t h b r i n e ( 8 0 m L ) . A f t e r d r y i n g o v e r MgSO4, t h e s o l v e n t w a s r e m o v e d b y 
r o t a v a p o r a t i o n to g i v e a p a l e y e l l o w s y r u p s u s p e n d e d w i t h s o m e w h i t e solid. P u r i f i c a t i o n o f 
this m a t e r i a l b y r e c r y s t a l i z a t i o n f r o m h e x a n e - C H 2 C l 2 a f f o r d e d p u r e 4 7 ( 6 . 9 6 g , 8 6 % ) a s w h i t e 
crystal: m p 8 0 . 5 - 8 2 . 2 °C (lit.'« m p 8 2 - 8 3 °C) ； ' H N M R ( 3 0 0 M H z ) 5 4 . 0 0 (s, 3 H ) , 4 . 4 8 (s, 
4 H ) , 7 . 4 9 (s, 2 H ) ; " c N M R ( 7 5 M H z ) 6 2 6 . 2 1 , 6 2 . 3 6， 1 1 7 . 2 0 , 1 3 3 . 9 6 , 1 3 4 . 7 3， 1 5 5 . 5 6 ; 
E I - M S m ! z ( % ) 3 7 4 [ ( M + 1)+，1], 3 7 3 ( M+ ， 1 7 ) ， 3 7 2 [ ( M - 1)+，2], 3 7 1 ( 1 8 ) ， 2 9 4 (50), 2 9 2 
(100)，290 (51), 262 (10), 186 (28)，185 (41)，184 (41)，105 (20), 104 (19), 103 (20), 90 (24)， 
8 9 ( 2 8 ) , 6 3 ( 2 1 ) . 
“ 
4-Bromo-2,6-dimercaptomethylanisoIe ( 4 8 ) . T h i o u r e a ( 0 . 2 5 3 g， 3 . 3 m m o l ) w a s a d d e d to a 
s u s p e n s i o n o f b r o m i d e 4 7 ( 0 . 4 9 7 g，1.3 m m o l ) in d r y T H F ( 1 5 m L ) u n d e r N 2 . A f t e r r e f l u x i n g 
for 1.5 h , m o s t o f t h e T H F w a s r e m o v e d b y r o t a v a p o r a t i o n to g i v e a w h i t e p o w d e r to w h i c h 
w a s a d d e d a s o l u t i o n o f a 1 0 % N a O H ( 2 5 m L ) at 0 °C u n d e r N 2 . W h i l e m a i n t a i n i n g u n d e r a . 
N 2 a t m o s p h e r e , t h e r e s u l t i n g m i x t u r e w a s stirred at r o o m t e m p e r a t u r e f o r 1.5 h a n d at 5 0 - 6 0 
°C f o r 0 . 5 h . A f t e r c o o l i n g to r o o m t e m p e r a t u r e , t h e r e a c t i o n m i x t u r e w a s c a u t i o u s l y 
a c i d i f i e d at 0 。 C w i t h dilute H C 1 until p H 2 - 3 . T h e a c i d i c s o l u t i o n w a s e x t r a c t e d w i t h E t 2 O (3 
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X 7 5 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 6 0 m L ) a n d b r i n e ( 6 0 m L ) . A f t e r 
d r y i n g o v e r N a 2 S O 4 , t h e s o l v e n t w a s r e m o v e d b y r o t a v a p o r a t i o n t o f u m i s h e s s e n t i a l l y p u r e 4 8 
( 0 . 2 1 g ， 5 6 % ) a s a c l e a r s y r u p : ' H N M R ( 3 0 0 M H z ) 5 1 . 9 1 (t, J = 7 . 8 H z , 2 H ) , 3 . 7 2 ( d , 
y = 7 . 8 H z , 4 H ) , 3 . 8 7 (s, 3 H ) , 7 . 3 8 ( s ， 2 H ) ; 。 c N M R ( 7 5 M H z ) 6 2 2 . 8 3 , 6 2 . 3 8， 1 1 7 . 2 9， 
1 3 1 . 9 4， 1 3 6 . 9 4， 1 5 4 . 5 0 ; E I - M S m l z ( % ) 2 8 0 [ ( M + 1)+’ 1 0 ] , 2 7 8 [ ( M - 1)+，6], 2 4 8 ( 7 8 ) , 2 4 6 
(67)，232 (5)，231 (7)，230 (5), 216 (14), 215 (100), 213 (90), 201 (24)，199 (16), 185 (56)， 
183 (51)，121 (14)，105 (16)，104 (57)，103 (29), 91 (57), 89 (24)，63 (32). 
3,3'-Bis(3-carbomethoxy-2-methoxybenzylthiomethyl)-2,2'-dimethoxy-l,2-
d i p h e n y l e t h a n e ( 4 9 ) . T o a s o l u t i o n o f m e t h y l 2 - m e t h o x y - 3 - b r o m o m e t h y l b e n z o a t e (4.175 g , 
1 6 . 1 m m o l ) in d r y b e n z e n e ( 9 0 m L ) w a s a d d e d a s o l u t i o n o f 
3,3'-bis(mercaptomethyl-2,2'-dimethoxy)-l,2-phenylethane (20) (2.691 g, 8.1 m m o l ) in 
d r y b e n z e n e ( 3 0 m L ) f r o m a d r o p p i n g fiinnel o v e r 1 5 m i n u n d e r N 2 at r o o m t e m p e r a t u r e . 
T h e n l , 8 - d i a z a b i c y c l o [ 5 . 4 . 0 ] u n d e c - 7 - e n e ( 3 . 6 0 m L , 2 4 . 0 m m o l ) w a s a d d e d b y m e a n s o f a 
s y r i n g e t o t h e a b o v e s o l u t i o n u n d e r N 2 at ice b a t h t e m p e r a t u r e . A f t e r stirring f o r 5 h at r o o m 
" 
t e m p e r a t u r e u n d e r N 2 , t h e r e a c t i o n w a s q u e n c h e d w i t h 1 5 % H C 1 ( 3 0 m L ) . E x t r a c t i o n o f t h e 
a c i d i c s o l u t i o n w i t h E t O A c ( 2 x 1 5 0 m L ) , w a s h i n g o f t h e c o m b i n e d m i x t u r e w i t h H 2 O (3 x 
1 0 0 m L ) a n d b r i n e ( 1 0 0 m L ) , d r y i n g o v e r N a 2 S O 4 a n d r o t a v a p o r a t i o n o f s o l v e n t f u m i s h e d a 
p a l e y e l l o w s y r u p w h i c h w a s f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 3 0 0 g ) u s i n g first 
h e x a n e - E t O A c - C H 2 C l 2 ( 8 : 1 : 1， v / v / v ) , h e x a n e - E t O A c - C H 2 C l 2 ( 6 : 1 : 1’ v / v / v ) a n d finally . 
h e x a n e - E t O A c - C H 2 C l 2 ( 4 : 1 : 1， v / v / v ) a s e l u e n t s p r o v i d e d p u r e 4 9 ( 5 . 2 3 g , 9 4 % ) a s a p a l e 
y e l l o w s y r u p : ! H N M R ( 3 0 0 M H z ) 6 2 . 9 2 (s, 4 H ) , 3 . 7 6 ( s， 6 H ) , 3 . 7 7 (s, 4 H ) , 3 . 7 9 (s, 4 H ) , 
3 . 8 6 (s, 6 H ) , 3 . 9 2 (s, 6 H ) , 7 . 0 2 (t, J = 1 . 5 H z , 2 H ) , 7 . 0 9 - 7 . 1 5 ( m , 4 H ) , 7 . 2 2 ( d d , 7 = 6 . 6， 1 . 8 H z , 
81 
2 H ) , 7 . 5 1 ( d d , « 7 = 6 . 7， 1 . 8 H z , 2 H ) , 7 . 7 2 ( d d , J = 6 . 9 , 1.7 H z , 2 H ) ; " c N M R ( 7 5 M H z ) 5 
30.46，30.76，31.11, 52.21, 61.69, 62.81, 123.51, 124.21，124.53, 128.81，129.29, 130.58， 
1 3 1 . 2 3 ， 1 3 3 . 1 7 , 1 3 4 . 6 4 , 1 3 5 . 2 0 , 1 5 6 . 6 3 , 1 5 8 . 4 0， 1 6 6 . 5 7 ; H R F A B M S c a l c d f o r C 3 8 H 4 3 O 8 S 2 " 
( M + H ) + 6 9 1 . 2 3 9 4 , f o u n d 6 9 1 . 2 3 4 4 . 
3,3'-Bis(3-carbomethoxy-2-methoxybenzylsulfonylmethyl)-2,2'-dimethoxy-l,2-
diphenylethane (50). T o a s o l u t i o n o f b i s s u l f i d e 49 ( 4 . 8 9 g , 7 . 1 m m o l ) i n CH3CO2H ( 1 0 0 
m L ) at r o o m t e m p e r a t u r e w a s a d d e d 3 5 % H 2 O 2 ( 3 . 7 m L , 0 . 0 4 3 m o l i n H 2 O 2 ) a n d t h e 
r e s u l t i n g m i x t u r e w a s stirred f o r 0 . 5 h a n d at 8 0 - 9 0 ° C f o r 1.5 h . A f t e r h a v i n g b e e n c o o l e d to 
r o o m t e m p e r a t u r e , i c e c o l d H 2 O ( 1 0 0 m L ) w a s a d d e d to f o r c e p r e c i p i t a t i o n o f t h e s u l f o n e 
p r o d u c t . T h e w h i t e p r e c i p i t a t e w a s c o l l e c t e d b y s u c t i o n filtration a n d w a s h e d w i t h H 2 O ( 8 0 0 
m L ) to r e m o v e a c e t i c a c i d . T h e air d r i e d s a m p l e w a s r e c r y s t a l i z e d from a c e t o n e - C H 2 C l 2 to 
f u m i s h p u r e 5 0 ( 4 . 3 3 g， 8 1 % ) a s a w h i t e solid: m p 1 9 9 . 7 - 2 0 2 . 3 。 C ; * H N M R ( 3 0 0 M H z ) 
6 2 . 9 7 (s, 4 H ) , 3 . 7 5 (s, 6 H ) , 3 . 8 3 (s, 6 H ) , 3 . 9 2 (s, 6 H ) , 4 . 3 2 (s, 4 H ) , 4 . 3 5 (s, 4 H ) , 7 . 0 7 (t, 
J=7.5 H z , 2 H ) , 7 . 1 6 - 7 . 3 4 ( m , 6 H ) , 7 . 6 3 ( d , J=1.5 H z , 2 H ) , 7 . 8 6 ( d , J = 7 . 8 H z , 2 H ) ; " c N M R 
n 
( 7 5 M H z ) 5 3 0 . 8 3 ， 5 1 . 9 1 ， 5 2 . 3 8 ， 5 3 . 3 6 ， 6 2 . 0 7 ， 6 3 . 1 7 ’ 1 2 1 . 1 5 , 1 2 2 . 4 0 ， 1 2 3 . 7 4 ， 1 2 4 . 3 6 ， 
1 2 4 . 6 8 , 1 3 0 . 5 0 , 1 3 1 . 5 0 , 1 3 2 . 8 2 , 1 3 5 . 1 0 , 1 3 6 . 4 5 ， 1 5 7 . 3 1 ’ 1 5 9 . 2 1 ， 1 6 6 . 1 0 . A n a l . C a l c d for 
C 3 8 H 4 2 O 1 2 S 2 : C , 6 0 . 4 6 ; H , 5 . 6 1 . F o u n d : C , 6 0 . 6 7 ; H ， 5 . 7 6 . 
• 
3,3'-Bis(3-carbomethoxy-2-methoxystyryl)-2,2'-dimethoxy-l,2-diphenylethane (51). To 
a r a p i d l y stirred s u s p e n s i o n o f b i s s u l f o n e 5 0 ( 3 . 8 6 9 g , 5.1 m m o l ) i n C H 2 C l 2 ( 1 7 0 m L ) at 0 °C 
w a s a d d e d t h e KOH / A l 2 O 3 c a t a l y s t ( 3 9 . 7 g ) f o l l o w e d b y C B r 2 F 2 (6 m L ) . A f t e r h a v i n g b e e n 
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stirred f o r 0.5 h at r o o m t e m p e r a t u r e , a s e c o n d p o r t i o n e a c h o f t h e KOH/Al2O3 catalyst ( 1 6 . 3 
g ) a n d o f C B r 2 F 2 (5 m L ) w e r e a d d e d at r o o m t e m p e r a t u r e . A f t e r stirring f o r a f u r t h e r 3 h , a 
third p o r t i o n o f t h e K O H / A l 2 O 3 catalyst (5.0 g ) a n d o f C B r 2 F 2 (5 m L ) w e r e a d d e d at r o o m 
t e m p e r a t u r e . U p o n f u r t h e r stirring f o r 2 h , t h e r e a c t i o n m i x t u r e w a s filtered t h r o u g h a p a d o f 
C e l i t e in a s i n t e r e d g a l s s flinnel u n d e r s u c t i o n a n d w a s h e d w i t h C H 2 C l 2 ( 5 0 0 m L ) a n d E t O A c 
( 1 5 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n left a w h i t e s o l i d w h i c h w a s 
f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 1 5 0 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 (5 : 1 : 1， v / v / v ) 
a s e l u e n t to a f f o r d p u r e 5 1 ( 3 . 1 9 g ， 1 0 0 % ) a s a w h i t e solid. A n a n a l y t i c a l s a m p l e w a s 
p r e p a r e d b y r e c r y s t a l i z a t i o n from h e x a n e - E t O A c : m p 1 4 6 . 7 - 1 4 7 . 8。 C ; ' H N M R ( 3 0 0 M H z ) 
6 2 . 9 9 (s, 4 H ) , 3 . 8 2 (s, 6 H ) , 3 . 9 0 (s, 6 H ) , 3 . 9 4 (s, 6 H ) , 7 . 1 2 (t, > 7 . 5 H z , 2 H ) , 7 . 2 0 (t, J = 7 . 8 
H z , 2 H ) , 7 . 4 6 (s, 4 H ) , 7 . 5 7 ( d d , J = 6 . 7 6 , 1.5 H z , 2 H ) , 7 . 7 3 ( d d , 7 = 7 . 1， 1 . 5 H z , 2 H ) , 7 . 8 6 ( d d , 
/ = 7 . 1， 1 . 5 H z , 2 H ) ; i3c N M R ( 7 5 M H z ) 5 3 1 . 2 5， 5 2 . 2 5 , 6 1 . 9 1 ， 6 2 . 7 6 ， 1 2 3 . 3 2 , 1 2 3 . 9 8 , 
124.41，124.74，125.29, 125.54, 129.91，130.34，130.47，130.86，132.79, 135.42, 156.43， 
1 5 7 . 5 5 , 1 6 6 . 6 2 ; E I - M S m / z ( % ) 6 2 3 ( M " ,79), 2 7 9 ( 4 0 ) , 2 3 5 ( 6 7 ) ， 2 0 7 ( 2 3 ) , 1 7 9 ( 3 8 ) , 1 6 5 
( 5 9 ) , 1 4 5 ( 1 0 0 ) , 1 1 9 ( 2 0 ) , 9 1 ( 4 1 ) . A n a l . C a l c d f o r C 3 , K 3 , O , : C , 7 3 . 3 0 ; H , 6 . 1 5 . F o u n d : C , 
7 3 . 3 3 ; H , 6 . 2 0 . 
II 
3,3'-Bis[(3-carbomethoxy-2-methoxyphenyl)ethyl]-2,2'-dimethoxy-l,2-diphenylethane 
( 5 2 ) . A s u s p e n s i o n o f c o m p o u n d 5 1 ( 2 . 4 5 6 g , 3 . 9 5 m m o l ) a n d 1 0 % P d - C c a t a l y s t / 0 . 2 5 g ) 
in E t O A c ( 1 5 0 m L ) w a s h y d r o g e n a t e d at r o o m t e m p e r a t u r e u n d e r o n e a t m o s p h e r i c p r e s s u r e . 
0fH2 f o r 2 . 5 h . T h e r e s u l t i n g m i x t u r e w a s filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s 
filtering f u n n e l u n d e r s u c t i o n a n d w a s h e d w i t h E t O A c ( 3 0 0 m L ) . R e m o v a l o f s o l v e n t b y 
r o t a v a p o r a t i o n to p r o v i d e essentially p u r e 5 2 ( 2 . 4 8 g , 1 0 0 % ) a s a w h i t e s o l i d . A n a n a l y t i c a l 
s a m p l e w a s p r e p a r e d b y r e c r y s t a l i z a t i o n from h e x a n e - E t O A c : m p 7 3 . 2 - 7 4 . 5 °C; ' H N M R 
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( 3 0 0 M H z ) 5 2 . 9 2 - 3 . 0 2 (br s, 1 2 H ) , 3 . 8 0 (s, 6 H ) , 3 . 8 7 (s, 6 H ) , 3 . 9 3 (s, 6 H ) , 7 . 0 0 - 7 . 1 5 ( m , 
8 H ) , 7 . 3 8 ( d d , J = 6 . 6 , 1.8 H z , 2 H ) , 7 . 6 9 ( d d , > 6 . 8 ， 1 . 5 H z , 2 H ) ; '^C N M R ( 7 5 M H z ) 5 
31.25, 31.31，52.18，61.29，62.37’ 123.59，124.13, 124.41，128.19，128.26，129.57, 134.41， 
1 3 4 . 8 2， 1 3 5 . 2 3， 1 3 6 . 6 5， 1 5 6 . 6 8 , 1 5 8 . 3 7 , 1 6 6 . 8 8 ; H R F A B M S c a l c d f o r C s s ^ O g " ( M + H ) + 
6 2 7 . 2 9 5 2 , f o u n d 6 2 7 . 2 9 3 6 . A n a l . C a l c d for C 3 8 H 4 2 O 8 : C , 7 2 . 8 2 ; H , 6 . 7 5 . F o u n d : C , 7 2 . 6 3 ; H , 
6 . 7 5 . 
3,3'-Bis[(3-hydroxymethyl-2-methoxyphenyl)ethyl]-2,2'-dimethoxy-l,2-diphenylethane 
( 5 3 ) . T o a s o l u t i o n o f t h e diester 5 2 ( 2 . 5 3 0 g， 4 . 0 m m o l ) in d r y T H F ( 1 5 0 m L ) k e p t at 0°C 
w a s a d d e d L A H ( 0 . 7 2 g , 2 0 . 0 m m o l ) u n d e r N 2 . A f t e r c o m p l e t e a d d i t i o n , t h e ice b a t h w a s 
r e m o v e d a n d t h e r e a c t i o n m i x t u r e w a s stirred at r o o m t e m p e r a t u r e f o r 1.5 h., u n r e a c t e d L A H 
w a s d e c o m p o s e d b y c a u t i o u s a d d i t i o n o f E t O A c ( 2 5 m L ) w i t h ice b a t h c o o l i n g . A n 
a p p r o p r i a t e v o l u m e o f H 2 O w a s t h e n a d d e d to r e n d e r t h e m i x t u r e c o n v e n i e n t f o r w o r k u p . 
E x t r a c t i o n o f t h e a q u e o u s m i x t u r e w i t h E t O A c ( 4 x 1 2 0 m L ) , w a s h i n g o f t h e c o m b i n e d 
e x t r a c t s w i t h H 2 O ( 8 0 m L ) a n d b r i n e ( 1 0 0 m L ) , d r y i n g o v e r MgSO4, a n d r o t a v a p o r a t i o n o f 
“ 
s o l v e n t a f f o r d e d essentially p u r e 5 3 ( 1 . 9 4 g , 8 4 % ) a s w h i t e solid. A n a n a l y t i c a l s a m p l e w a s 
p r e p a r e d b y r e c r y s t a l i z a t i o n f r o m E t O A c : m p 1 4 1 . 9 - 1 4 3 . 5。 C ; ' H N M R ( 3 0 0 M H z ) 5 1 . 7 4 
( b r s, 2 H ) , 2 . 9 7 (s, 1 2 H ) , 3 . 7 8 (s, 6 H ) , 3 . 8 4 (s, 6 H ) , 4 . 7 5 (s, 4 H ) , 7 . 0 1 - 7 . 1 6 ( m , 8 H ) , 7 . 2 2 - 7 . 2 5 
( m , 4 H ) ; i 3 C N M R ( 7 5 M H z ) 5 2 9 . 6 8’ 3 1 . 0 1， 3 1 . 3 2 , 6 1 . 3 0， 6 1 . 6 5， 1 2 4 . 1 7， 1 2 4 . 4 8 , . 1 2 7 . 1 8 , 
1 2 8 . 1 4， 1 2 8 . 2 5 , 1 3 0 . 0 8， 1 3 3 . 9 6， 1 3 5 . 0 1 , 1 3 5 . 2 6 , 1 5 6 . 5 0 , 1 5 6 . 6 9 ; F A B - M S m l z ( % ) 5 7 1 [ ( M . 
+ 1), 3 ] , 2 7 7 ( 9 0 ) , 2 4 7 ( 1 5 ) , 2 3 1 ( 2 7 ) , 1 4 9 ( 6 3 ) ， 1 1 7 ( 1 0 0 ) , 1 0 5 ( 3 5 ) . A n a l . C a l c d f o r C 3 6 H 4 2 O 6 
: C , 7 5 . 7 6 ; H , 7 . 4 2 . F o u n d : C , 7 5 . 6 1 ; H , 7 . 6 5 . 
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3,3，-Bis [(3-chloromethyl-2-methoxyphenyl)ethyl] -2,2'-dimethoxy-l,2-diphenylethane 
( 5 4 ) . T o a s u s p e n s i o n o f d i o l 5 3 ( 0 . 4 7 7 g， 8 . 3 7 m m o l ) in CH2Cl2 ( 1 5 m L ) at 0 °C w a s 
a d d e d SOCl2 ( 0 . 3 7 m L ， 5 . 0 2 m m o l ) . A f t e r h a v i n g b e e n stirred f o r 0 . 5 h i n a n ice b a t h , t h e 
r e a c t i o n m i x t u r e w a s r a i s e d to r o o m t e m p e r a t u r e a n d stirred f o r a f u r t h e r 4 . 5 h . T h e r e a c t i o n 
w a s q u e n c h e d w i t h i c e c o l d H 2 O ( 2 0 m L ) a n d t h e r e s u l t i n g a q u e o u s w a s e x t r a c t e d w i t h 
CH2Cl2 ( 4 X 3 0 m L ) . T h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 4 0 m L ) a n d b r i n e ( 4 0 
m L ) , d r i e d o v e r MgSO4 a n d r o t a v a p o r a t e d to fiimish e s s e n t i a l l y p u r e 5 4 ( 0 . 5 1 g , 9 9 % ) a s 
w h i t e p r i s m s : m p 1 0 0 . 8 - 1 0 2 . 3 。 C ; ' H N M R ( 3 0 0 M H z ) 5 2 . 9 6 (s, 1 2 H ) , 3 . 8 0 (s, 6 H ) , 3 . 8 9 
(s, 6 H ) , 4 . 7 0 (s, 4 H ) , 7 . 0 1 - 7 . 1 6 ( m , 8 H ) , 7 . 2 4 - 7 . 3 1 ( m , 4 H ) ; I'C. N M R ( 7 5 M H z ) 6 3 1 . 7 3， 
31.84，31.94，41.94，61.92，62.82, 124.80, 125.18, 128.73，128.90，129.68’ 131.62, 135.54， 
1 3 5 . 8 9 , 1 3 6 . 2 8， 1 5 7 . 2 9 ; H R F A B M S c a l c d f o r C 3 6 H 4 0 O 4 C l 2 " ( M ) + 6 0 6 . 2 2 9 7 , f o u n d 6 0 6 . 2 2 8 2 . 
6-Bromo-9,17,25,33,42-pentamethoxy-2,ll-dithia[3.3.2.2.21metacyclophane (55). A 
s o l u t i o n o f N a O H ( 0 . 2 0 g , 4 . 7 0 m m o l i n N a O H ) i n a b s o l u t e E t O H ( 1 2 0 0 m L ) w a s c h i l l e d in 
a n i c e b a t h . T o this c h i l l e d s o l u t i o n left at r o o m t e m p e r a t u r e u n d e r N ： w e r e a d d e d d r o p w i s e 
” 
a n d s i m u l t a n e o u s l y o v e r 1 8 h t h r o u g h t w o H e r s h b e r g f u n n e l s , a s o l u t i o n o f thiol 4 8 ( 0 . 3 2 7 g， 
1 . 1 7 m m o l ) i n d r y b e n z e n e ( 7 0 m L ) a n d a s o l u t i o n o f d i c h l o r i d e 5 4 ( 0 . 7 1 1 g , 1 . 1 7 m m o l ) in 
d r y b e n z e n e ( 7 0 m L ) . T h e a d d i t i o n b e i n g c o n t r o l l e d at s a m e r a t e a s far a s p o s s i b l e . T h e 
r e a c t i o n m i x t u r e w a s stirred f o r a f u r t h e r 2 h at r o o m t e m p e r a t u r e . A n d m o s t o f t h e . s o l v e n t 
w a s r e m o v e d b y r o t a v a p o r a t i o n . T o t h e r e s i d u e w a s a d d e d w i t h H 2 O ( 1 0 0 m L ) , a n d t h e . 
r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h CH2Cl2 ( 4 x 1 2 0 m L ) . W a s h i n g o f t h e 
c o m b i n e d e x t r a c t s w i t h H 2 O ( 8 0 m L ) , a n d b r i n e ( 6 0 m L ) , d r y i n g o v e r Na2SO4, a n d 
r o t a v a p o r a t i o n o f s o l v e n t a f f o r d e d a slightly y e l l o w g l a s s y s o l i d w h i c h w a s 
f l a s h - c h r o m a t o g r a p h e d o v e r silica g e l ( 3 8 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 ( 1 5 : 1 : 2 , v / v / v ) 
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a s e l u e n t a f f o r d e d p u r e 5 5 ( 0 . 5 3 g , 5 4 % ) a s w h i t e solid. A n a n a l y t i c a l s a m p l e w a s p r e p a r e d 
b y r e c r y s t a l i z a t i o n from h e x a n e : m p 9 0 . 8 - 9 2 . 2 °C; ' H N M R ( 3 0 0 M H z ) 6 2 . 8 5 , 2 . 8 7 ( 2 s 
o v e r l a p p i n g , 1 2 H ) , 3 . 5 2 (s, 6 H ) , 3 . 6 0 (s, 9 H ) , 3 . 6 5 (s, 4 H ) , 3 . 7 6 (s, 4 H ) , 6 . 8 8 - 7 . 0 3 ( m , l O H ) , 
7 . 1 7 ( d d , / = 5 . 6， 2 . 3 H z , 2 H ) , 7 . 3 9 (s, 2 H ) ; '^C N M R ( 7 5 M H z ) 5 2 9 . 9 3， 3 0 . 5 8， 3 1 . 1 5 , 3 1 . 4 1 , 
60.94，61.46，61.96, 116.75, 123.73’ 124.15，128.02，128.42, 128.82, 129.49, 131.00, 132.31， 
1 3 4 . 2 7， 1 3 4 . 7 7， 1 3 4 . 9 2， 1 3 5 . 2 5 , 1 5 5 . 7 2 , 1 5 6 . 7 1， 1 5 7 . 0 9 ; F A B - M S m / z ( % ) 8 1 5 [ ( M + 1), 1 1 ] , 
6 6 3 ( 1 1 ) , 5 5 3 ( 1 2 ) ， 4 8 7 ( 1 1 ) ， 3 3 9 ( 8 6 ) ， 2 5 3 ( 1 7 ) ， 2 0 5 ( 1 7 ) ， 1 4 9 ( 1 0 0 ) ， 1 1 7 ( 2 3 ) . A n a l . C a l c d 
f o r C 4 5 H 4 9 O 5 B r S 2 : C， 6 6 . 4 1 ; H , 6 . 0 7 . F o u n d : C , 6 6 . 3 5 ; H， 6 . 1 7 . 
6-Bromo-9,17,25,33,42-pentamethoxy-2,ll,2,ll-tetraoxo-2,ll-dithia-[3.3.2.2.2]-
metacyclophane (56). T o a s u s p e n s i o n o f d i t h i a c y c l o p h a n e 55 ( 0 . 4 7 0 g , 0 . 5 8 m m o l ) in 
CH3CO2H ( 2 5 m L ) w a s a d d e d 3 5 % H2O2 ( 0 . 3 5 m L , 3 . 5 0 m m o l in H2O2) a n d t h e resulting 
m i x t u r e w a s stirred f o r 1 h at r o o m t e m p e r a t u r e a n d f o r 2 h at 7 5 °C. A f t e r h a v i n g b e e n 
c o o l e d to r o o m t e m p e r a t u r e , H 2 O ( 2 0 m L ) w a s a d d e d to t h e m i x t u r e to e n h a n c e p r e c i p i t a t i o n . 
E x t r a c t i o n o f t h e a q u e o u s m i x t u r e w i t h CH2Cl2 (3 x 7 5 m L ) , w a s h i n g o f t h e c o m b i n e d 
“ 
e x t r a c t s w i t h H 2 O ( 8 x 5 0 ) until t h e a q u e o u s l a y e r b e c a m e n e u t r a l a n d b r i n e ( 5 0 m L ) , d r y i n g 
o v e r N a 2 S O 4 a n d r o t a v a p o r a t i o n o f s o l v e n t a f f o r d e d essentially p u r e 5 6 ( 0 . 4 6 2 g , 9 1 % ) a s a 
w h i t e solid: m p 2 5 5 . 7 - 2 5 7 . 5 °C; ' H N M R ( 3 0 0 M H z ) 6 2 . 7 0 (s, 4 H ) , 2 . 9 5 ( b r s, 8 H ) , 3 . 5 6 , 
3 . 5 8 ( t w o s o v e r l a p p i n g , 9 H ) , 3 . 6 8 (s, 6 H ) , 4 . 0 2 (s, 4 H ) , 4 . 3 1 (s, 4 H ) , 6 . 7 6 - 6 . 9 1 ( m , 4 H ) , 6 . 8 9 
( d d , y = 6 . 1 , 1.7 H z , 2 H ) , 7 . 1 0 (t, 7 = 7 . 6 H z , 2 H ) , 7 . 2 6 ( d , 7 = 6 . 9 H z , 2 H ) , 7 . 3 2 ( d , 7 = 7 . 5 H z , . 
2 H ) , 7 . 5 6 (s, 2 H ) ; '^C N M R ( 7 5 M H z ) 5 3 0 . 3 5， 3 0 . 6 1， 3 0 . 9 1， 5 0 . 7 9， 5 4 . 2 4， 6 0 . 9 9 , 6 1 . 7 9 , 
63.48, 117.24，121.09，123.60，123.97，124.71，128.08，128.47, 130.32, 131.75, 133.85, 
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1 3 4 . 6 1 ， 1 3 5 . 2 6 , 1 3 5 . 7 8 ， 1 5 6 . 8 8 ， 1 5 7 . 0 4 ， 1 5 7 . 6 8 ; H R E M S c a l c d f o r C 4 5 H 4 9 O 9 B r S 2 + ( M + ) 
8 7 6 . 2 0 0 1 4 , f o u n d 8 7 6 . 2 0 2 7 6 . A n a l , c a l c d f o r C 4 5 H 4 9 O 9 B r S 2 : C , 6 1 . 5 7 ; H , 5 . 6 3 . F o u n d : C , 
6 1 . 0 3 ; H , 5 . 4 7 . 
5-Bromo-8,16,24,32,40-pentamethoxy[2.2.2.2.21metacyclophane-l ,9-diene (57). To a 
r a p i d l y stirred s u s p e n s i o n o f b i s s u l f o n e 5 6 (0.222 g , 0 . 2 5 m m o l ) i n CH2Cl2 (8 m L ) k e p t at 
0 。 C w a s a d d e d t h e KOH/Al2O3 c a t a l y s t ( 4 . 0 3 g ) f o l l o w e d b y C B r 2 F 2 ( 1 . 5 m L ) . A f t e r h a v i n g 
b e e n stirred f o r 1 h at r o o m t e m p e r a t u r e , a s e c o n d p o r t i o n e a c h o f t h e KOH/Al2O3 catalyst 
( 1 . 9 1 g ) a n d o f C B r 2 F 2 (1.5 m L ) w e r e a d d e d . Stirring w a s m a i n t a i n e d f o r a f u r t h e r 1 h a n d a 
t h i r d p o r t i o n e a c h o f t h e KOH/Al2O3 c a t a l y s t ( 0 . 6 1 g ) a n d o f C B r 2 F 2 ( 1 . 0 m L ) w e r e a d d e d , 
t h e r e s u l t i n g m i x t u r e w a s stirred f u r t h e r f o r 2 h a n d filtered t h r o u g h a p a d o f C e l i t e in a 
s i n t e r e d g l a s s filtering f u n n e l u n d e r s u c t i o n w i t h w a s h i n g w i t h C H 2 C l 2 ( 1 5 0 m L ) . R e m o v a l o f 
s o l v e n t b y r o t a v a p o r a t i o n g a v e a c m d e p r o d u c t w h i c h w a s p u r i f i e d b y f l a s h - c h r o m a t o g r a p h y 
o v e r silica g e l ( 8 g ) u s i n g h e x a n e - E t O A c - C H 2 C l 2 ( 2 0 : 1 : 2， v / v / v ) a s e l u e n t t o a f f o r d p u r e 5 7 
( 0 . 1 4 3 g , 7 6 % ) o f u n k n o w n s t e r e o c h e m i s t r y a s a c o l o u r l e s s s y r u p . U p o n e v a c u l a t i o n at r o o m 
t e m p e r a t u r e , this m a t e r i a l s o l i d i f i e d i n t o a w h i t e m a s s : m p 1 7 1 . 5 - 1 7 3 . 0 °C; I R ( K B r ) u / c m ' ' 
2 9 2 7 ， 1 4 5 8 ， 1 4 1 9 , 1 2 4 9 ， 1 2 1 1 ， 1 1 5 8 , 1 0 7 1 ， 1 0 1 1 , 7 6 1 ; ' H N M R ( 3 0 0 M H z ) 6 2 . 9 4 - 2 . 9 8 ( m , 
8 H ) , 3 . 0 6 - 3 . 1 0 ( m , 4 H ) , 3 . 4 0 (s, 6 H ) , 3 . 4 3 (s, 3 H ) , 3 . 7 0 (s, 6 H ) , 6 . 6 8 ( d d , J = 6 . 7 , 1.6 H z , 2 H ) , 
6 . 8 2 (t, J = 7 . 5 H z , 2 H ) , 7 . 0 0 - 7 . 1 1 ( m , 6 H ) , 7 . 1 7 ( d d , J = 6 . 7 , 1 . 6 H z , 2 H ) , 7 . 2 4 ( o n e d d 
o v e r l a p p i n g w i t h o n e s o f CHCl3, J = 7 . 6 , 1.5 H z , 2 H ) , 7 . 3 1 (s, l H ) , 7 . 3 7 (s, 3 H ) ; ' ^ C N M R . 
( 7 5 M H z ) 6 2 9 . 6 7， 3 0 . 7 3 , 3 0 . 9 7， 3 2 . 0 9， 6 0 . 3 5， 6 0 . 4 1， 6 1 . 2 0， 1 1 6 . 9 9， 1 2 3 . 1 3， 1 2 3 . 8 3， 1 2 4 . 6 2 , 
125.66，127.67，128.62, 128.75，129.08，129.94, 130.69，133.76, 134.58, 134.94，135.91, 
1 5 7 . 3 6， 1 5 7 . 6 4 ; H R F A B M S c a l c d f o r C 4 5 H 4 5 O 5 B r + ( M + ) 7 4 4 . 2 4 5 1 , f o u n d 7 4 4 . 2 5 1 6 . 
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5 - B r o m o - 8 , 1 6 , 2 4 , 3 2 , 4 0 - p e n t a m e t h o x y [ 2 5 l m e t a c y c l o p h a n e ( 5 8 ) . A s u s p e n s i o n o f 
c y c l o p h a n e d i e n e 5 7 ( 0 . 0 8 7 g， 0 . 1 7 2 m m o l ) a n d 1 0 % P d - C catalyst (8 m g ) in E t O A c ( 2 5 m L ) 
w a s h y d r o g e n a t e d at r o o m t e m p e r a t u r e u n d e r o n e a t m o s p h e r i c p r e s s u r e o f H z for 4 h . T h e 
r e a c t i o n m i x t u r e w a s filtered t h r o u g h a p a d o f C e l i t e in a s i n t e r e d g l a s s f u n n e l u n d e r s u c t i o n 
a n d t h e filter-cake w a s w a s h e d w i t h E t O A c ( 8 0 m L ) . R e m o v a l o f s o l v e n t b y r o t a v a p o r a t i o n 
g a v e a slightly t a n c o l o u r e d s y r u p w h i c h w a s p u r i f i e d b y f l a s h - c h r o m a t o g r a p h y o v e r silica 
g e l ( 6 g ) w i t h h e x a n e - E t O A c ( 1 0 : 1， v / v ) a s e l u e n t to a f f o r d p u r e 5 8 ( 0 . 0 5 4 ， 6 1 % ) a s a 
c o l o u r l e s s v i s c o u s liquid: ' H N M R ( 3 0 0 M H z ) 6 2 . 8 2 - 2 . 8 9 ( o n e m o v e r l a p p i n g w i t h o n e s, 
2 0 H ) , 3 . 3 8 (s, 3 H ) , 3 . 4 7， 3 . 5 0 ( t w o s, 1 2 H ) , 6 . 8 0 - 6 . 9 4 ( m , 1 2 H ) , 7 . 0 5 (s, 2 H ) ; ' ^ c N M R ( 7 5 
M H z ) 6 3 0 . 4 5 ， 6 0 . 9 0 ， 1 1 6 . 1 9 ， 1 2 3 . 4 5 , 1 2 3 . 5 8 , 1 2 7 . 9 8， 1 2 8 . 0 5 , 1 2 8 . 2 8 , 1 3 0 . 6 6， 1 3 4 . 1 5， 
1 3 4 . 5 9， 1 3 4 . 7 6， 1 3 7 . 0 1 , 1 5 7 . 0 3 ; F A B - M S m l z ( % ) 7 4 9 ( M + ， 1 3 ) ， 6 5 8 ( 1 8 ) ， 6 4 8 ( 1 0 0 ) ， 5 8 2 
( 1 0 ) ， 5 1 9 ( 1 4 ) ， 4 5 8 ( 1 4 ) ， 4 2 2 ( 1 6 ) ， 3 8 5 ( 2 2 ) , 3 3 5 ( 1 6 ) ， 2 4 1 ( 1 4 ) ， 1 8 8 ( 1 8 ) ; H R F A B M S c a l c d 
f o r C 4 5 H 4 9 O 5 B r + ( M + ) 7 4 8 . 2 7 6 3 , f o u n d 7 4 8 . 2 7 3 7 . 
“ 
5-Bromo-8,16,24,32,40-pentahydroxy[2s]metacyclophane (43) T o a s o l u t i o n o f 58 ( 4 0 . 0 
m g , 0 . 0 5 3 m m o l ) in C H 2 C l 2 ( 2 m L ) at 0。C w a s a d d e d a s o l u t i o n o f 1 M B B r 3 in C H 2 C l 2 (1.1 
m L , 1 . 0 6 m m o l ) . A f t e r t h e r e a c t i o n m i x t u r e h a d b e e n stirred f o r 2 2 h at r o o m t e m p e r a t u r e , to 
w h i c h w a s a d d e d ice w a t e r (5 m L ) . T h e r e s u l t i n g a q u e o u s s u s p e n s i o n w a s e x t r a c t e d w i t h 
C H 2 C l 2 (3 X 2 5 m L ) a n d t h e c o m b i n e d e x t r a c t s w a s w a s h e d w i t h H 2 O ( 3 0 m L ) a n d b r i n e ( 1 5 . 
m L ) , d r i e d o v e r MgSO4 a n d r o t a v a p o r a t i o n o f s o l v e n t g a v e a t a n c o l o u r e d s o l i d w h i c h w a s 
p u r i f i e d b y r e c r y s t a l i z a t i o n f r o m C H 2 C l 2 - M e O H to a f f o r d p u r e 4 3 ( 3 0 . 2 m g , 8 4 % ) a s a 
w h i t e s o l i d : m p 2 3 3 . 5 - 2 3 5 . 8 。 C ; I R ( K B r ) u / c m ' ' 3 4 7 7 ， 3 0 4 8 ， 3 0 2 6 , 2 9 4 9 , 2 8 7 2 ， 1 4 6 2 , 
1 3 3 6 ， 1 2 7 3 ， 1 2 0 2 , 1 0 7 2 ， 1 0 1 2 ， 7 8 6 , 7 4 9 ; ' H N M R ( 3 0 0 M H z , C D 2 C l 2 ) 6 2 . 8 8 , 2 . 8 9 ( t w o 
88 
o v e r l a p p i n g s ， 2 0 H ) , 6 . 8 6 (td, > 7 . 5 ， 1 . 3 H z , 4 H ) , 7 . 1 0， 7 . 1 4 ( o n e d o v e r l a p p i n g w i t h o n e s， 
/ = 7 . 3 H z , l O H ) , 7 . 2 1 - 7 . 2 4 ( m , 4 H ) , 7 . 3 6 (s, l H ) ; ' H N M R ( 3 0 0 M H z , CD2Cl2, D2O) 5 2 87， 
2 . 8 9， 2 . 9 0 ( t h r e e o v e r l a p p i n g s, 2 0 H ) , 6 . 8 6 (td, J = 7 . 5 , 1.3 H z , 4 H ) , 7 . 1 0 ( d , J = 7 , 3 H z , 8 H ) , 
7 . 2 4 (s, 2 H ) ; " c N M R ( 7 5 M H z , CD2Cl2) 5 2 9 . 3 5， 3 1 . 8 2， 3 2 . 1 2， 1 2 0 . 4 5， 1 2 0 . 5 6， 1 2 6 . 8 1， 
1 2 7 . 2 6 ， 1 2 8 . 0 0 ， 1 2 8 . 1 4 ， 1 2 9 . 5 5 ， 1 3 0 . 3 8 ， 1 5 1 . 6 6， 1 5 1 . 7 6 ; H R E I M S c a l c d f o r C 4 0 H 3 9 O 5 B r ^ 
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iH and ''C NMR Spectra 
List of iH and "C NMR Spectra of Part I 
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Appendix 
iH and "C NMR Spectra 
List of iH and ^^ C NMR Spectra ofPart II 
B i s ( 3 - c a r b o e t h o x y - 2 - m e t h o x y b e n z y l ) s u l f i d e ( 1 4 )   
B i s ( 3 - c a r b o e t h o x y - 2 - m e t h o x y b e n z y l ) s u l f o n e ( 1 5 ) 1 0 3 
3 , 3 ‘ - D i c a r b o e t h o x y - 2 , 2 ' - d i m e t h o x y s t i l b e n e ( 1 6 ) 1 0 4 
3，3 ' - D i c a r b o e t h o x y - 2 , 2 ' - d i m e t h o x y - 1 , 2 - p h e n y l e t h a n e ( 1 7 ) 1 0 5 
3 , 3 ' - B i s ( h y d r o x y m e t h y l - 2 , 2 ' - d i m e t h o x y ) - l , 2 - p h e n y l e t h a n e ( 1 8 ) 1 0 6 
3，3 ' - B i s ( b r o m o m e t h y l - 2 , 2 ' - d i m e t h o x y ) - 1 , 2 - p h e n y l e t h a n e (19) 1 0 7 
3 , 3 ' - B i s ( m e r c a p t o m e t h y l - 2 , 2 ' - d i m e t h o x y ) - 1 , 2 - p h e n y l e t h a n e ( 2 0 ) 1 0 8 
2,6-Bis(3-carboethoxy-2-methoxybenzylthiomethyl)anisole (21) 109 
2,6-Bis(3-carboethoxy-2-methoxybenzylsulfonylmethyl)anisole (22) 110 
2 , 6 - B i s ( 3 - c a r b o e t h o x y - 2 - m e t h o x y s t y r y l ) a n i s o l e ( 2 3 ) 1 1 1 
2,6-Bis[2-(3-carboethoxy-2-methoxyphenyl)ethyl]anisole (24) 112 
2,6-Bis[2-(3-hydroxymethyl-2-methoxyphenyl)ethyl]anisole (25) 113 
2,6-Bis[2-(3-bromomethyl-2-methoxyphenyl)ethyl]anisole (26) 114 
9， 1 7 , 2 6 , 3 4 - T e t r a m e t h o x y - 2 , 1 9 - d i t h i a [ 3 . 2 . 3 . 2 ] m e t a c y c l o p h a n e ( 2 7 ) 1 1 5 
8， 1 6 , 2 4 , 3 2 - T e t r a m e t h o x y - [ 2 . 2 . 2 . 2 ] m e t a c y c l o p h a n e - 1 ’ 1 7 - d i e n e ( 2 9 ) 1 1 6 
8 , 1 6 , 2 4 , 3 2 - T e t r a m e t h o x y [ 2 J m e t a c y c l o p h a n e ( 3 0 )  
8,16,24,32-Tetrahydroxy[2Jmetacyclophane (31) 118 
9 , 1 7 , 2 6 , 3 4 , 4 2 - P e n t a m e t h o x y - 2 , 1 9 - d i t h i a [ 3 . 2 . 3 . 2 . 2 ] m e t a c y c l o p h a n e ( 3 2 ) 1 1 9 . 
9， 1 7 , 2 6 , 3 4 , 4 2 - P e n t a m e t h o x y - 2 , 2 , 1 9， 1 9 - t e t r a o x o - 2 , 1 9 - d i t h i a [ 3 . 2 . 3 . 2 . 2 ] - m e t a c y c l o p h a n e 
(33) 120 
8， 1 6 , 2 4 , 3 2 , 4 0 - P e n t a m e t h o x y - [ 2 . 2 . 2 . 2 . 2 ] m e t a c y c l o p h a n e - 1 ， 1 7 - d i e n e ( 3 4 ) 1 2 1 
8 , 1 6 , 2 4 , 3 2 , 4 0 - P e n t a m e t h o x y [ 2 j ] m e t a c y c l o p h a n e ( 3 5 ) 1 2 2 
100 
8,16,24,32,40-Pentahydroxy[2j]metacyclophane (36) 123 
9,17,25,34,42,50-Hexamethoxy-2,27-dithia[3.2.2.3.2.2]metacyclophane (37) 124 
8,16,24,32,40,48-Hexamethoxy[2.2.2.2.2.2]metacyclophane-1,25-diene (40) 125 
8,16,24,32,40,48-hexamethoxy[2d]metacyclophane (41) 126 
8,16,24,32,40,48-hexahydroxy[2d]metacyclophane (42) 127 
3,3'-Bis(3-carbomethoxy-2-methoxybenzylthiomethyl)-2,2'-dimethoxy-l,2-
diphenylethane (49) 128 
3,3'-Bis(3-carbomethoxy-2-methoxybenzylsulfonylmethyl)-2,2'-dimethoxy-l,2-
diphenylethane (50) 129 
3,3'-Bis(3-carbomethoxy-2-methoxystyryl)-2,2'-dimethoxy-l,2-diphenylethane (51) 130 
3,3'-Bis[(3-carbomethoxy-2-methoxyphenyl)ethyl]-2,2'-dimethoxy-
1,2-diphenylethane (52) 131 
3,3'-Bis[(3-hydroxymethyl-2-methoxyphenyl)ethyl]-2,2'-dimethoxy-
1,2-diphenylethane (53) 132 
3,3'-Bis[(3-chloromethyl-2-methoxyphenyl)ethyl]-2,2'-dimethoxy-
1,2-diphenylethane (54) 133 
6-Bromo-9,17,25,33,42-pentamethoxy-2,ll-dithia[3.3.2.2.2]metacyclophane (55) B 4 
6-Bromo-9J7,25,33,42-pentamethoxy-2,ll,2,ll-tetraoxo-2,ll-dithia-[3.3.2.2.2]-
metacyclophane (56) 135 
5-Bromo-8,16,24,32,40-pentamethoxy[2.2.2.2.2]metacyclophane-l,9-diene (57) 136 
5-Bromo-8，16,24，32，40-pentamethoxy[2j]metacydophane (58) 137-138 
« 
5-Bromo-8,l 6,24,32,40-pentahydroxy[2j]metacyclophane (43) 139-141 
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»<S “ 120 
OS 0 
SWM l8248.t76 Hi 
PIOflES 0.139223 Hz 
*Q 3 5914228 sec 
flG ai92 
OW 27 400 ustc 
^H 6.00 usec 
TE 300 0 K 
011 0 0300000 sec 
P U 2 t9 00 aB 
C P O P W 2 wdltzl6 
PCP02 100 00 usec 
SF02 300 丨315007 MMi 
NUCa tH 
PL2 120 00 a8 
*01 0 30000001 sec 
Pl 6 00 usec 
0£ 6.00 usec 
SfOi 75.4745in m i 
NUC1 fjC 
PU -6 00 aa 
F2 - Processing paraiittBrs 
SI 55536 
SF 7S.4677614 m i 
MOM EH 
ssa 0 
LB 3.00 HZ 
G8 0 
PC 1.40 
10 NMfl plot paraMters 
CX 23 00 CB 
F l P 2 0 0 0 0 0 p p a 
M 15093.55 HZ , f2P M0.000 po^ 
“ I F2 -754 68 HZ M PHCM 9.13043 OQm/cm 、 ,1 I I MZCM 689 05347 HWc-
^ ~ ^ • 人 L — , _uMJfL^._iA.- ,, j -- - |A|” 」. M 11 -,-_L_, ,^ ._」._‘AijLi r^i __ I 
^-^--T-.-.-^ 
^Dm ^~^~~^ ‘ I ‘ • •_• ‘ • ‘ ‘ •「T~T~i-t~「「r~i-T~j~i~T-「T-T I f I T_pT~rTT~T~t -「i，_| f~i~Tr~i-T,-r~r~i-|—i i i t i i i i i ] i r~「i，-T~Ti rjT-r-i-r^-i T-T-r r^ r~r>r t T r^ T - j ^ ^ - r ^ -
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• i - -L J
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,,MI^.M*^^^^f/YI^MH^fH:^f^^i^l4J,fJM,M,4^.^^ftiJI>.tltt^f^,^^,^^,>.s^^*i>^^i,^*^ki^^ll,^^,0^0^^0^l^^fm^f^fJJ^M^^>l^^^,iAf,f^.J,i.^w,,i^^if^t^rH^^,f,f,,t.,^,,,^tJ,^t^^^^^ 一 
2/f -i § xyr 「 f ’ ^ -; iJ1Jitrr «01 t^oel 6 KDHa J 5 s >s/- ~J 
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Ofl Dd 
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e->J 35 0008s
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w- 0 § wi 
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 : 53ATOS 
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1 OObdTHd 
C1 - J s 5 oxi
 ; 一 
>
 J 广 
s。 “1 一\ > l\ o^im _auo ^ s g 9 1 /- /_ ^ ^ ^ n n ^ 5； SJa1^pha sn-s-nD3t , gj 〜 1 E 9 »6 乙 ru rc Nr ru 9 S> iJi ^ ^ ^ S ^卯^ ^ g! ^朋况 tS 的 卯 一 ioooa /w c- 8 6 9 1 9 8 9 9 E 6 ^ S w - 1X3 El3soo 9MTN ^J2SPJPCJ 3pa 1stnu 
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8二 Dd 
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 s ^ lj 3_s 00000000-
 5 
^ o ooc wi 
wsn s.g a W5 00>3l 5 n^ 















n i I s 90s 
00C50
 51SNI 




- i 乡 \^ ixv^^ 
r i o 卜卜」 』111
 rpiuynr:L 
?l.5..u_
 § 舰tgg §瓜晰舰I§ 视则^^^5,^.B^
刚 棚 
I S 2 ^ - S S S iG S! ^  § ^  ？ 2 S r^  S ？ 2 ^ § Current 0*" Para^urs 
§ ® ® ® ® ^ ， ， ^ ^ f^  ^  一 7 ^ <^  ^  ® •» ^ m o NA>^  0086-
rs rv rs rv 、 r ^ .〜卜卜 r^ p^ r- ， ， r r ， m — 料 二 一 c y p ^ . 
^ ^ 广 / 尸 \1厂 \ / - ； 卩‘ 丨 丨正 丨疋 II f2 - AcquiS)tton Paraaeters Oata_ 980524 
T»« t4 05 INSTBUM doi300 
W0rt) 5 M Ou«l 13 
PaPftOG tq 
TO 32768 
OMe 1 ^ 》咖 "。：； 
E t O , C J ^ ^ ^ , ^ A ^ C O , E t - 4 ; H , 
I I A . , 2 F10fles 0 124$63 Hz ^ = 5 5 > ^ O M e AQ 4 .0108533 SIC 
flG 64 
1 5 Ow 122 .400 usec 
06 6 00 usec 
TE 300 0 K 
01 1.00000000 sec 
Pl 4 50 usec 
OE 6 00 usec 
SFOl 300 1313000 MHz 
NUCi m 
P U -2.00 a8 F2 - Process 1n9 par«etBrs 
SI 16284 SF 300 1300012 MHz NOM EM 
ssa 0 
ia 0.30 HZ 
GB 0 
PC 1.00 
10 i^HP plot paraMters 
CX 23 00 ca 
FlP 10 000 Dpa 
|| { , Fl 3001.30 Mz 
11 1 f2P -0 500 Q0. 
•^"--^^ II I f2 -150 07 Hi ru^ _A_j/^  n A K !\ 1 PPN04 0 45652 pp./c. 
j 1 HlCH !37 0lS87 H2/c* 
1 i i s | i s 二 5 PI s § 5 § 5 g § § 
� . 
〜 — r v j c\j ^ u3 4^ 
|>-r^  
Q^ rT"T". I . . . r vj-r-^rj-T-r-r 1 riT*T^i-prT , r i r r r i「rT-t~T-r-|-r i i | » r r-r r rr i-i"pr"r,「•「• T.ri r r r-r^r r-r^r-> r- ,-r j rT^^T-「f_ r，r t r.-rrTT~r«i-,-
嘱 9 8 7 6 5 4 3 2 1 0 
Current Oata Para^cers NAM£ 06-Cl3 
g m ^ a 5 浜 2 J；各 ^ 2 s 幻 s s ^ ^ I 
S- — ^ m �r v j rv m cn rr 0 iD f^ 0 S 
¾^ ‘ 一 S [^  ^ 0 0 iP 3 口 1^  r^  03 rvj ^ ， F2 - ACQuisition ParaMters 
S ^ 2 :2 2 ^ ^ ^ ^ ^ ^ ①①. ” Oate. 980522 






SHH 18248.176 Hi 
FIOfl6S 0.27B445 Hj 
*Q 1.7907364 sec 
ftG 8192 
OH 27.400 uscc 
Oe 6.00 usec 
T£ 300 0 K 
a n 0.0300000 sec 
PLi2 19.00 aa 
CPOPftG2 Mtltn& 
PCP02 100.00 usec 
Sf02 300.1315007 HHz 
NUC2 lH I ^ Pt-2 120.00 a8 
I 01 0.300000Qt 5ec P1 3.00 uStC 
Oe 6.00 usec 
SFOl 75.4749.11 ^ 2 
NUC1 I X 
PL1 -6.00 08 
F2 - Process1n9 oaraMttKTs 
SI 65536 
SF 75.4677342 M n 
MOM EM 
ssa 0 
LB 3.00 HZ 
G8 0 
PC 1 4 0 10 NMfl 0lot paraaetcrs 
CX 33 00 c« 
i F l P 200.000 Q p a 
D Fl J5093.55 Hi 
F2P -10 000 Qpa 
F2 -754 6B HZ PPM04 9 13043 ooa/ca 
**%o>^^^^^^^^^^^ 八 八 j i “似 689 0b334 H{/cB 
•^'!•||„| 1 \,fm,»tt^^'*^fmmAf*^imt*^^m^-^^t,^mi»*»u*^tiM>'i*^''^ V«*JV > •• ii>ii^  _<«|»_一>^ __|^ 1__7>|___1^ ,^»»>«««〜11^ 零^ La«.._.. •.,.〖JVA ••• . ‘— ., . “ -j ”丄--“ _.iiUiLu_ y t^_- jj- \n |rt‘‘-t*uu'- i i^iBr.,r. ：^~-_  
"Dm ‘ ‘ I I ‘ ‘ T-' ‘ ‘ , ‘ ‘ T^ T ‘ ‘ ‘ ‘ ‘ ''T 广「-' I ‘ ‘ ‘ T"T-f^ ~>-T~r，--rT,�I I 1 n�T~i-r"rTr'.^"T~"，，->~>.「’-i ’ '-rrTiT|-,-,T~r r-rt i i r r-r r T 
180 160 140 120 100 80 60 40 20 0 
^ ^ 104 
1 g a S? S ？ A 2 S S S ^ ？ 各 ° g S S 2 S S : § § Curreni Oa.a P，r«eters 
Q cD LO 山 山 m n m rn ru o o o ” ^ m m co 01 uO ^ « m 0 Hkt^ 0087 
p^ r«» rs.〜r>. r >、 r » r>. r> rs> r<. rj ^ 臂 5» m r\j 一 一 ^ 一 Q £xPNO ] 
^^ "^^ ^^ ^^ ^^ ^^  ^ A^i^ ^^ i^ ^^ ^^ ^^ "^ "^ ^^ ^^  \ ^ ^ ^ W ( ^ F2 - ACQu.sii)0n P&raiieiers 
Oate_ 980526 Ti^  13.45 




八 NS 4 OMe fi^ OS 0 
P ^ n p [ I SWH 4064.967 H2 
C 【 U 2 * ^ V ? ? K y X ^ ^ \ x ^ ^ ^ = ^ 5 ; ^ r V ^ C f nOB€S 0 124663 HZ 
I 丨 T <^ *J2"tJ AO 4 0108533 stc ^ ^ O M e « 57(7 
0* 122.400 ustC 17 0e 6.00 usec re 300 0 K 01 1.00000000 scc 
P1 4 50 usec oe 6.00 usic SFOi 300 1312000 HHi 
NUCl lH 
P U -2.00 aB 
F2 - Processing paraMters 
SI 16364 Sf 300 l 3000W HHz 
MOM £M 
SS8 0 
LB 0.30 HZ 
G8 0 
PC 100 
10 f<Mfl olot oaraikecers 
CX 23.00 cm 
FtP 10 000 DP* 
Ft 3001 30 HI || || I j I P2P -0 500��• 
^ y 1 1 I f2 M50fl7"z 
‘ ^ ^ ~ ^ ^ J ^ A /wV- A PPMCH 0 45652 poa/c* 
I t I j ) I I ！ 1 H/CM 137 0l5S7 Hi/zm 
J 0 — GO 0 1� ， 00 2» o 二 ^ o in m 01 2j 0 01 0 ^ m ^ 0 
c 0 o) 0 0 0 0 0 
� 
fVi ^ rvj ^ <_o ^ ^o 
'o^ "^ "'^ ^ PT r'T T I T~r~t r-T"n*"T"r •「” r r., ‘ i T 1 r [ r .r— ’ , i .i t t i j i i i ’ r r t i r | t r •. , c i r • i | i T ， t i • f i r -| ,‘ i ’ -i r ” • • T j , i ‘ r f~r~ri -r-r t , »• < i r r-r-r"r- r •+ i 
9 8 7 5 5 4 3 2 1 0 
Current Oaia Parameters 
NAMfc 87cl3 
EXPNO t 
_ o^ : KD 01 01 «T — ^n •— r- c\i cr ^n uo W0CMJ i 
2 二 CO 0 <^* ru CO co fvj 0 r>. iO — ^ in g m — ^ »•» in r^ ^ ^ 0 们 ru 0 1 0 — 
10 <x> U3 ^ oi tj' m f^ r^ U3 f\j 0 — "Q ^2 - *CQuiSition Para»«ier5 
U3 u*) rn rn rvj oj ru r»» 卜 〜 io io rn — Qdie 980526 1 j \ I � J \ I lNSinuM ap^3W 1 I ]( Y U P«06M0 5 M Oual 13 
PULPflOG 2gac 
rO 65536 
SOLVENt “ COCl3 
MS 600 
OS 0 
SWH 18248.176 H2 
FIORES 0.278445 Hz 
W3 1.7937364 s<c 
flG ai92 
OW 27 400 usec 
0€ 6 00 usec 
TE 300 0 K 
a U 0 0300000 sec 
PLl2 19 00 oB 
CP0PflG2 N4lCZl6 
PCP02 100 00 usec 
SF02 300.1315007 m t 
.MUC2 lH 
PL2 120.00 a8 
01 0.30000001 sec 
Pl 2.Q0 usec 
OE 6.90 usec 
SfOl 75.4745l" MHZ 
NUCl 13C 
P U -6 00 aB 
F2 - Procissing paraMiCtrs 
SI 55536 
SF 75.4677587 HHZ 
MOM £M 
SSB 0 
L 8 3 . 0 0 HZ 
G8 0 
PC 1 .40 
)0 NMfl oloi paraaeters 
CX 23.00 ca 
PlP 300 000 。。• 
,, n l5CS3.55 iU 
F?P -lOOOO oo_ 
f2 -754 68 HI 
PPMCM 9 13043 oo>/Ca 
\ ^ ^ ^ ^ H7CH 689 0534 7 H"c_ 
^^"*^ I 為 { 丄、A -JA _ jy AA- _ - - AL K • . _ _ 
'''^-'-^-r.T.T-___ 
D^rn ^ ^ ' ‘ ‘ I ‘‘‘广，-r~~t™r~r"|-T T T I -r-r-i-「T"r~r-i ^ r i .f i r-i . [ i fT'i i r~r r~T~j"T .r r t-i-i r i t 「i-T n - i t .i .r.r"| , i i ‘ 「i t_i i '| r^ i 广「丁，i 广「’ . f _ .t r rn-r*y^ •「, i 
180 160 140 丨20 100 80 50 40 20 0 
^ ^  
m ^^ 
,.,.？ °^ 〒 09 OB 001 021 0" 091 OBl 
:=r :*^^Y^^^*^*^^^*^_,/^^^*^*^^*wi^^%>f|ff#wwwft^MWttHfiy^ 
'H 的》5《- 2d I ^ 
•<W ooo oi- dej . 
»n KE605l n 
•M 000 002 dli 
« 00E2 xa 
tja3_«j?fl )0[d UNN Ot 
0" Dd 
0 eo 'H 00E B1 
0 BSS 
H3 HOM 
^ mu9* -^i ds 9Cm IS fijaiM6J9d 6uiCSS30Jd - 2J 
9P 00 9- tTd 
oc\ ionw ^ lys^zisz lOJS 
Msn 00 9 30 Msn 00 9 ld MS lOOOOOOe O 10 
BO 00 02丨 2¾* Ht 2onN *HH i0O5lCr0OE 20JS 
Msn 00 00t eOdOd 
9i"I»« 29bdOdO 
BD 00 61 eiTd 3« OOOOOGO O UP 
> OOOC 31 
3«n 00 9 30 
3«n 00rz2 MO 26IB Oti 
MS BeeM65 £ OV 'H E2J5n .0 S3HCUJ 
'H 9U B^Ml MMS 
0 SO 
009 SN 
CIX3 "JN3ATS I 
ZlOMl 01 1 她， OObcfVW 
ei ip^ 麵 s 0H90bd m 1 I 
ooe*flp HnwisNi /\ / \ 
22*066 "auo u) •� ^ ^ ^ ---- sj3^a*cjfid uomsmD3v - gj 。 ^ cn ^ ^ ^ ^ o ui 
. _d S S S5K ^^§i I 
* ONdX3 
El39900 3HVN sjaia«ej®d pieO ]uajjn3 
9 丨 2 e t^ 9 9 L e 6 
• ‘ ‘ ‘ ' 1 I I . • . I I I . . • 山0 "*-"-^"^-!•Uj 
L 么 0> u) ru cn § § f 2 s i^ I 
5 § ^ 2 22 ^ •3/2H ^85lO^Cl >07H I 
«/咖 eS95ro KOHdcJ~^1^ V ^ w .r^ V ‘ ,^fN I _ ^ £0 051' ej \ ||  
•M 005 0- d2J 1 
^ OC lOOC lJ I 
•00 000 01 dli I 
«oo e2 xa I 
SJ8)HKJB0 101« HHN 01 00 1 3d I 0 B0 
iH oe 0 01 0 955 
K3 MCW 
^^ MOoocrooc js 
mgt IS 
SJ9)MejV0 6utSS990Jd - Zd B0 OO E- lTd 
Hi iDnw iMH oooeiEi ooe iojs 
3'Sn 00 9 30 
3asn 00 2 ld 〕《 OOOOOOOO l 10 
> 000C 31 
39Sn 00 9 30 
Msn Qo* ZZ\ M0 ••6rn Oti 81 3»s ccseoio r ov 
二= 二 哪 fp^ 
^ 12 H0"VV"^^^V^0H 
的“。， lN3ATOS I I 划入 B9LZZ 01 ^X^ ^ViO 6' 90bdTnd 




SJ3iwjed uoi5isin03Y - gj 1 . ….. 
； 二 A A r^fW^. 
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: ,,^^ A 一 I I A^^fi 
060
 9^YN 1
 2 € r /c /^ 乙 /t
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 gg g ^ S 2 sss£s^i^&!s?ii3!iiK^
 1 
6 S ^ S 2 S S g ^ ？ S S ^ ^ S £ 2 S S ？ 2 S 2 S 二 <^ r^ t 0*" P >^-ter, 
g rvj ru cvi rvj rvi — ^ 一 — o o o (S oD co ® r - cj> 01 o) co ^a c\j 0 NAM6 3^ 
r^ r^ r^ r^ r>s rs 卜 卜 r^ r^ rs 卜 m m m m m oj ^ 一 一 二 二 o ExPNO • -^^ =¾^^ ^ • V _ ‘ 
mn^ !• lU F? • ACQuisuion Parai4Cers 
Oate- 980331 
【1* U 4 3 iNsrnuM api3oo 
Pfi06rt) 5 m Oual 13 
PVJLPflOG zg 
OMe ^ ; ^ T : 
H s ^ V V " ^ " A ^ S H SI -
k J O M e , T ^ s 二二 
*o 4.oioaS33 sec 
2 0 ^ ^2-5 
^ “ OW 122.400 usec 
OE 6.00 gsec 
TE 300.0 K 
01 1,00000000 scc 
P1 2.00 usec 
oe 6 . 0 0 usec 
SFOi 300.1312000 m z 
NUCl lH 
PUl -3.00 Q8 
F"2 • Processing parsMters 
SI 16384 
SF 300.l3000as HHZ 
MOM EH 
SSB 0 
L8 0.30 H2 
I ^ 。 
PC 1.00 
10 NMfl plot paraMters 
CX 23.00 ca 
, n FlP lOOOOw_ 
I I 丨丨 r\ 3 0 0 1 , 3 0 HZ ii , I I f2P -0 500pp-
‘ U U ' H • F2 -150 .07 HZ 
^"-— U ^ • 1 \ 1 /V H _ K _ J ^ PPM04 0 45652 pom/cm \ II I ( I I M2CM l370l5fl7 H2/ca 
J fcNj o ] f O | {io o ] 0 m l & to C\J — fVj pv 0 (^ «i cn 0 rv m ^ 0 0 1 
5 01 0 0 CT 0) 0 叫 ^ <M c\i 01 m ^ ”| 
^ ^ T " ^ ' ‘ ‘ ‘ 1 t t ‘ ‘ 1 • 11 ‘ i ‘ 
嶋 9 8 7 5 5 4 3 2 1 0 
Curreni Oatd Paraaeters MAM6 93ci3 
EXPNO 1 
„ u i ® 0 0 — r^ — oi [n r^ 0 — PftOCNO 1 2 ^ f^  ^ 00 o} c^  <M CD r- 0 m 10 
g 山 cn _ o> u^ iX5 V a> ui 卜 o> m 
iD tfi 二 o oi ^ 卜’uD td ^ 0 co 2^ - ACQuisitiOA ParaMt8PS 
£ 2 2 Z1 2J Qi ^ ^ r^ u3 cn ru Q^^^ 960311 
V V / I \ } lNSinUM 。二3^  
1 1 f I 1 Pft08H0 5 麵 Ou4l 13 
PULP«OG zgac 
TO 131072 
S a v E N f COCl3 S^ “ so 
05 Q 
SWH 18248.176 m 
fIORES 0.139223 Ht 
AO 3 59t42aa stc 
RG ai92 
OW 27 400 usec 
06 5.00 uS«C 
TE 300.0 K 
011 0.0300000 sec 
P U 2 19.00 aB 
CP0PflG2 y a U 2 i e 
PCPQ2 100.00 usec 
5F0a 3 0 0 . 1 3 1 5 0 0 7 HHz 
NUC2 lH 
PL2 丨20.00 aa 
• Ot 0.30000001 SflC 
P1 G.00 usec oe 5.00 ussc 
SFOl 75.4745in MHz 
NUCl < X 
P U -5.00 08 
F2 - Processing pdrdMttrs 
SI 63536 
SF 75.4677525 W i 
WOM EM ssa 0 
LB 3.00 HZ 
G8 0 
PC 1.40 
10 NMR plot pAra_ters 
CX 23.00 ca 
FlP 200.000 po« 
F1 15093.55 Hi 
1 F2P -10.000 PD« 
“ F2 -754 68 ni 
I PPMCM 9.13043 poa/ca * t * < w s W « < W » w 4 N N # ¥ f 4 ^ M v ^ P % % M # » # ^ ( W W W f 4 » H i « « i V W % # f i ^ / i i p f l ^ ^ ^ f ^ H ^ “““"‘“ 
Dpfn ~^*~1 ‘ ‘ I 1 ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ I ‘ ‘ ‘ • I 1 ‘ ‘ ‘ I ‘ I ‘ ‘ • I _ I ‘ ‘ ‘ ‘ ‘ ‘ •‘ i • ‘ ‘ ‘ ‘ t ‘ • 1 ] ‘ I I I I T T 1 T"p I I I 
180 160 140 120 100 80 50 40 20 0 
^ 108 
s S Z S g 3 g S C S ^ Z g ^： S ^ "2 ^ 5 S ？ S ^ S S P^ 2 g 7： Current Data P»ra«iers 
g 〜 、 ^ uD u n ， ^ ^ ru rvj ^ o o o o o ^ m m m co c o 、 r ^ 〜 臂 rn m MAM6 tee0071s 
^""^^""""^^^^^ l / r t ^ ^ ^ " ^ ^ " ^ ^ / \ { ^ ^ ^ \ / f2 ~ ACQu.su.on Para^cers 
Oate, 9d0i04 
Tif>e 13 26 
iNSifluM aaz300 P«OBHO 5 m OuAl 0 
PVJLPflOG ;g 
^«tf^^ ro 32768 ,x^^5j^o � Q^ >；^ $^ Nt Aceton 
C T ^ ^ V ^ ' w - 3 
T ^ O M e OMe MeO y swM 4034 957 Mz 
r n Pf C O Ft 门映5 0 124663 HZ 
< w U , t t *wVJjCt AO 4.oioas33 sec 
- R6 64 
2 1 0械 122 400 u sec 
Oe 6 00 usec 
TE 300 0 < 
01 1,00000000 sec 
Pl 2 00 usec 
Oe 6 0 0 usec 
SF0I 300 l3l2000 m i 
I NUCl lH 
PLl -3 00 oS 
F2 - Processing paraMcers 
SI l6384 
Sf 300.1300032 HH； MOM £N 
S58 0 
I LB 0 30 HZ 
I G8 0 
PC 1 00 
'•- 10 NMft Dloc oaraMtcrs 
. V CX 23 00 ca , FlP 10 000 0O_ 
i i II l| H 3001 30 H| 
1 I f2P -0.500 oo_ 
s ' U U m I L J 1 ： ;ic. 二 二. 
j M 1 \\ I I MZCM 137 01587 HZ/C-
1 1 fe I g s； [a[? ^ s 2 2 r <=> 2} — ru 0 0 S! c 0 0 一 o 0 0 CO tfi oi 
CM rvj rvj m ” u> Tr juD ui 
lnn，n，*~*"~*~*"Tr「’ -' '~^'「「n"TT-r~T.-rnT~rr ‘ '"'*r i . , |- i-f,- ,-, -ri- , , • -r <• i t i r t t-r^TTTn- i i i i j r fi-i-r^^T T-pr^f-r i i^- . , ,-,- , ,-T-r i r i-r i t i-i -i-
_ 9 a 7 6 5 4 3 2 1 0 
Current Oata Para»eters 
、 . NAHt Lee0073ci3 
-々 exPNO 1 
I i § s S o S S | 5 S 2 5 s S ^ s i £ S 5 _ ‘ 
‘ 2 §§ 5 ^ 5 5 5 5 5 5 -^fs ^3s. ^s - ;:.;;"-""""^^r'^ ' 1\/ , / l ^ V M/ V I i^ “iHi 
‘ (HXPftOG ZgOC 
TO 131072 
StXvENf C0C13 
HS •• 227 
OS 0 
SWM 18248.176 HZ 
n O B 6 S 0.139233 H； 
*0 3.59M228 sec 
flG 3t92 
OW 27 400 usec 
OE S.00 usec 
Te 300.0 K 
川 O.Q300000 sec 
P U 2 19 00 dB 
CPOPRG2 “ i m 6 
I PCP02 100 00 usec 
S F W 3 0 0 . 1 3 1 5 0 0 7 MHi MUC2 lH -PL2 t».oo aa 
01 0 . 3 0 0 0 0 0 0 1 SCC 
Pt 6.00 usec oe 6.00 usec 
SFOl 7 5 . 4 7 4 V U MH2 
NUCl I X 
P U -6 00 d8 F2 - Processing oaraMters 
SI aS536 
SF 73,4677592 MHz 
W0X EM ssa 0 
L8 3 00 HZ 
G8 0 
PC 140 
10 wfl plot oaraacters CX 23 00 CB 
HP 200 000 00, 
Fl 15093 5S HZ 
“ f2P -10 000 Qom 
P2 -754 68 HZ PPM04 9 13043 Dpa/ca 
*--^ -^.^ ..J__^  I n H^ CM 669 0534； HZ/C. 
^ -^*^—wJO- J^V^<JK ,.A.. ^,.JL^ ,- i, J W , . ^ r x ^ A ^ - — , , 」 I — 
r^^^-^-T-.^^.. _ _ _ 
^Dm ‘ ‘ • ‘ ‘ r i • • ‘ • { i • , • • “ r~T~r"「r-,-r~t~f r i t T |^r-T- T-r-r-,- r~r-「ri~r~T-T~r~r~T~T『i i i i i ^  r -t—r-p , -r- r-^-t -rT-r-pr-T- r^T-x- m ] ~ i ~ T » T ~ r i r r i r^-i T rf-
180 150 140 120 100 80 60 40 20 0 
^ 122  
s S S S ！？ S f3 2 S； ^ iC S S 5 fi ！；] S S 5 5i S3 S 5 浜 2 § S § c^ *^m o«，p»ra«t.r, 
Q^ CO o o3 CO (D uo 40 ui tD in rvj <M — — ^ m m m m m co rs. to 臂 cn m S MAM6 75 
f^、r-» r> r^ r-» r-〜rs* 卜 r^ r - 卜 卜 ^ ， ^ ， ^ 臂 m tn — 一 一 — Q £XPHO j ^^""''''^^^^^  i^(^^^^^ *^^^ ^^  I I \ V^  F2 _ ikcQuisuian Psra_urs 
OaU- 9605ia 
T i « 丨6.|9 
INStnuM dpi300 
P«OBK) 5 m Ou«l 13 
PU.PftOG ig 
TO 32758 
f ^ ^ SOLVENT Ac>COn 
f Y ^ S 0 j ^ y i L s 0 7 f ^ SI ^ 
^ ^ T ^ J i [ J SWH 4084 967 H2 y ^ OMe OMe MeO j ^ noRes o i246s3 w 
C O ^ t c 0 3 ^ ( Q ^ 3 ^ " c 
2 2 ^ 122.400 uscc 
Oe 6.00 ustc 
TE 300.0 X 
01 100000000 sec 
P1 4 50 uSttC 
06 5.00 uscc 
SFOl 300.1312000 m i 
NUCl lH 
P U -2.00 08 
F2 - Proccssing o v a M C e r s 
S1 16384 
Sf 300l3000i0 Hh2 
MOM EN s s a 0 
LB 0.30 HZ 
GB 0 
I PC 1.00 
‘ lQ NMfl 0loc oaraMCirs 
1 CX 23.00 ca 
FlP 10 000 poa 
I I . F1 300 1 30 M2 
^^^ LJLJ*( f\—Ai ！ jyj^ 1 J^M o'!L^ pp./c. 
j 1 I HZCM 137 01587 Hi/cm 
1 S ( S S | K g ^ ¾ § 2 c^  p 0 0 0 0 0 0 
•5 - rvj oj m fvj ia 叫 i^ n - > - T - , ^ - ,  
r ^ r . I I , • ‘ ‘ « ‘ • I I • r ^ ^ - r T - T - T ^ ^ j n - r T T T - T - T ^ - m - r T - n - T r-r-r-j^ _ • 1 _ . • • • 1 . • 1 1 • . r-rT^-r^rT-i , 1 _ , , i ^ i^>r-r r T ^ r ^ p ^ 
_ 9 a 7 6 5 4 3 2 1 0 
Current Oata ParaMters NAME 0075ci3 
•• EXPNO 1 ft 安 21 2 # 2： S9 ifi � m �卜 ^ ^ f^  r^  rs — n^ 一 PftOCNO 1 5 ^ ® 5 oj m cn m ^ ^ «« 朽 cu 0 〜 c\i rvj m oa m § ^ 00 f^  m U3 0 0 0 GO CO m r- ^ 0 m 二 o *n S 2 
^ 00 CO 03 m r»i \o ^ cn cvi 一 r^ r^ iri m rn — cvi « ^2 • ACQuisuion Para««ters 




NS •‘ 400 
OS 0 
SWH l82^.t7S H Z 
PlOfleS 0.139223 H{ 
AQ 3.3914328 sec 
«5 ai92 
OW ?7 400 uiec 
OH 6.00 usec 
Te 300.0 < 
o n 0 0300000 scc 
P U 2 l9 00 d8 
CPOPRG2 M4Uzta 
PCP02 100 00 usec 
SF02 300.1315007 MHz 
I NUC2 lH �Pt2 120 00 a8 
01 0.30000001 sec 
P1 6.00 usec 
OE 6.00 usec 
SFOl 75.4745!U MMz 
NUCl 13C 
P U -6.00 dB 
F2 - Processing para*ieps 
SI 65536 
SF 73.4677K8 MHz 
MOM eH 
SS8 0 
LB 100 HZ 
GB 0 
PC 1.40 
10 NMfl plot paraMCers 
CX 23.00 c_ 
FlP 200 000 OQm 
Fl l5033.55 H2 
I _ F2P M0.000 00m 
f2 -754 68 H2 . j PWCM 9 13043 oo_/ca 
^ ^ | J * ^ * | J ^ ^ * ^ f J * ^ k J y ^ M < S V H W ^ A * l A ^ # i ^ y k S M > v W W v M l l ^ W * * ^ m W / M i w * M ^ H ^ 鄉""'^ "'" 
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OMe K ^ OMe J^  (。二 “^ 
OW 122 400 usec 
，飞 06 6.00 uscc 
^ TE 300 0 < 
01 1.00000000 SIC 
Pl 4 50 uStC 
OE 5.00 usec 
SFOl 300 1312000 m i 
HUCl lH 
PLl -2,00 08 
F2 - Processing pAraaeicrs 
SI 16384 
SF 300 1300047 m z 
NOW EM 
ssa 0 
ia 0 30 Hi 
G8 0 
PC 1 0 0 
10 _ oloc pv*aMcer9 
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S S S 3 S m m J^  o o! ^  fM o S S ？ fn o — o S JJ S 2 Current 0«a Parai*tw* 
a ⑴ 〜 〜 f ^ c\j ru ru oj — - — - o o o o S cn S r^ S 1¾ § ^ ^ ^ ar««【eps 
^ ^ i ^ ^ ^ ^ ^ j U / 〜 ‘ 。 二 “： 
f2 • ACQu)Silion Pdraaeters 
Oate_ 980529 
Time ia 17 
INSr0OM dDOOO 
W8M0 5 M Oual 13 /=\ P^P«OG tq 
4 } ~ ^ TO 32768 
\ J ( Br SavENr Acecon 
<P0Me ^ �B 
) SWM 4084.967 HI 
j j T ^ p'0^es 0.124663 H2 
( ^ O M c *0 4.0108533 sec 
\ = y R6 64 
^ A DW 122 400 usec 
/ ^x>r ^ 6.00 usec 
\ / ^ M c IE 300 0 K 
> = ^ Br 01 1.00000000 sec 
& 、 ~ • fM 4 50 usec 
^ ^ 0£ 6 00 usec 
SFOJ 300.1312000 HHz 
NUCl lH 
2 ^ PU -2.00 oa 
F2 - Processing pdraMitrs 
Sl 16384 
Sf 300 l 300lS2 m i 
MOM EN 
ssa 0 
LB 0.30 m 
ca 0 
PC 1 0 0 
10 NMR pi<K paraMiers 
CX 23 00 cs 
FlP 10 000 ppa 
J I Fl 3001 30 hi 
I K f2P -0.500 00. 
^ ' V * L ( A 1 I f2 -»50.07 HZ 
'^  ^ ^ ^ ^^ * K 1 PPMTH 0 45652 00_/c« 
J 1 1 I I H^CM 137 01567 h2/c> 
1 fei|q ^ fe^S| § 
I S S S 2 g § 1 
^ ⑴们 ^ iO rn CO 
i ^ r ^ ' ‘ ‘ ‘ ' " - " ^ - • • ‘ ‘ I • • • • • - • . I , n - ^ ^ 
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Current, Qata Paraa«ters 
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I i s H a s 5 s i 阳 § 1 i s l = ‘ 
S « 5 5 § g] S 疋 ^  ^ ^ ^ 5 5 ；^ ；；； S Z： A"umUon Para«cer, 




NS “ 306 
OS 0 
SWH 18248.176 HZ 
nones 0.139223 HZ 
*Q 3.59M228 sec 
RG 4096 
Ow 27.400 uscc 
oe 6.00 usec 
TE 300 0 K 
dll 0.0300000 sec 
PLl2 丨9.00 08 
CPOPRG2 w«lCZl6 
PCP02 100 00 usec 
SF02 300.1315007 m i 
NUC2 lH 
、PU2 120.00 dB 
01 0.30000001 SIC 
Pl 6.00 usec 
0£ 6.00 us«c 
SFOl 75.474^iu MHZ 
MUCl 13C 
P U -6.00 06 
f 2 _ Processing pATiMters 
SI S5536 
SF 75.4677651 MMz 
WON EM 
SS8 0 
L8 a O O HZ 
GB 0 
PC 1 4 0 
10 NMfl plot parawters 
CX 23.00 cm 
FlP 300.000 pp« 
F1 15093.55 Hl 
— F?P M0.000 9P> 
F3 -754 &a tiz 
I PPMCM 9.13043 OQft/ca 
、 L . jij,jyyLjA j HZCM 689 05353 Hz/ca 
^^^^^""""""""""^*"^1.1^ ‘ ‘ ‘ f ^ ‘ • I ‘ ‘ , ^ • • , I • • • I , , • • , • , . • • I ‘ I . , . , , , , , , 丨 , , , , 
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I SS 二 2 g § 2 S S § S S 8 ^ « a S § § Current O.ta P^ ra-ter5 
以 rs' r^  f^  r^  r^  r^  ‘ r^  r^  UD U3 m m f^ i c<i — 0 o ^^*^  0*>94-s ^^^^=^ V V = ； 
1 H^ I I F2 - Acquisition Para>*ters 
Oate_ 980328 
Ti»e t4 30 
^ _ ^ ^ INSTRUM doi300 
/ ^ PfiOBrti 3 « Oual 13 \\ A_ PULPWG tq J L / ^ TO 327� 
( 入 s ^ SOLVENT Aceion 
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( t t f ^ rO 32768 
J L \[ A A SOLVENI Aceton Of"Y^ ^ 0 
S ^ O H H O ^ ^ r SWH 4084 967 HI 
/ \ nOflES 0.124663 HZ ( O H ^ j AO 4 0108533 sec 
^ f ^ f ^ T " ^ f OW 122 400usec 
K ^ \ ^ Ce 5 00 usec 
rE 300.0 K 
4 3 01 l.OOOOOOOOsec fM 4 50 usec 
! p f N p 1 0£ 6 00 uaec 
m V ^ i ^ 2 ^ 4 SfOl 300 1312000 W 2 
NUCl 1H 
f>U -2.00 aa 
F2 - P r o c e s s i n g o d r a M t e r s 
I S I l63B4 
Sf 300.1300162 MHZ 
MOW EM 
5S8 0 ia 0 30 Mz 
08 0 
I ?C 1 00 
‘ 10 NMfl 0lot odTaMiers 
I OC 23 00 ca 
I FlP 10 000 ooa 
, Fl 300130 Hi 
! I F2P -0.500 00» 
i ^ 、 ， L A ^ ^ - ^ ^ V _ y V _ _ A PPHCM 0 45652 wm/ 
j I 1 1 HZCX l37.0l587 Mi/C 二 fmfo |^(f^  fNj J r^  0 o' o> � 0 o o o o o 1 — ‘ 2 ‘  ^ 
j I I I • r 'I f ‘ i _ � T " r M " i _ i r - r - m p T -r -r- i - r r >-t -r*| 't' ? r t > r r i t | r t i -t f i r T r | T - r x ^ r - r r - r - r ^ ^ r， r i ‘ i i ‘ j ‘ i i " i • r r r.T" r-r 丁『f-T-T -r r - r ^ ^ p r i t i _ i~r ！ i i ‘ �r r f r ppm 9 a 7 6 5 4 3 2 1 0 
kD Ui 臂 ffl ， 0 ) 内 山 on rs o 03 u"> m 
a G^ = JS 二 ^ £ S S i S S 5 S S S Current Oata Parweters 
3 m <M rvi r\j 一 一 一 o co co oo co co co NAM^ l37C02C12 
r s r^ rv r»» rv rv r>- rv ^o 山 iD iO iO vo ExPNO I 
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